





















































Cerium ammonium nitrat 
Cat Catalyst 
CD50 Cytotoxic dose 50% 
CDAD Clostridium difficile-associated diarrhea 
CDI Clostridium difficile infection 
CDT Clostridium difficile toxin 





DET Diethyl tartrate 
DMAP 4-Dimethylaminopyridine 
DIAD Diisopropyl azodicarboxylate 





DTBMP Dess-Martin periodinane 
DMSO Dimethyl sulfoxide 
Et Ethyl 
ESI Electrospray ionization 
eq equivalent 
FAB Fast atom bombardment 
Fig Figure 
GTP Guanosine triphosphate 
1H-, 13C-NMR Proton-, carbon-nuclear magnetic resonance 
HMPA Hexamethylphosphoric triamide 
HRMS High-resolution mass spectrometry 
IBX 2-Iodoxybenzoic acid 
IC50 50% Inhibitory concentration 




LD50 50% Lethal dose 
LHMDS Lithium bis(trimethylsilyl)amide 
m-CPBA 3-Chloroperoxybenzoic acid 









MHC Major histocompatibility complex 
MIC Minimum inhibitory concentration 
MIP-2 Macrophage inflammatory protein 2 
Mix Mixture 




mRNA Messenger ribonucleic acid 
MRSA Methicillin resistant Staphylococcus aureus 
NBS N-Bromosuccinimide 
NF-κB Nuclear factor-kappa B 
NK Natural killer 
NMO 4-Methylmorpholine N-oxide 
NMR Nuclear magnetic resonance 
nOe Nuclear Overhauser effect 
NR No reaction 
o- Ortho 
p- Para 
PCR Polymerase chain reaction 
Ph Phenyl 





r.t. Room temperature 
sp. Species 
t- Tertialy 










TLC Thin-layer chromatography 
TNF-α Tumor necrosis factor-alpha 
Tol Tolyl 
 iv 
TPAP Tetrapropylammonium perruthenate 
VRE Vancomycin resistant Enterococcus faecalis 
VRSA Vancomycin resistant Staphylococcus aureus 
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I-1-1  Clostridium difficile及び偽膜性大腸炎 
 
 抗生物質投与にともなう腸炎及び下痢症は、抗菌薬関連腸炎／下痢症
(antibiotic-associated colitis/diarrhea : AAC/AAD) と言われ、AAC/AADの約 10-20%
にClostridium difficile (C. difficile, Fig. 1)が関与すると考えられる 1)。これらC. difficile



































ローラの変化に伴い異常繁殖した C. difficileが Toxin A，Toxin B等の毒素を産生



































I-1-2  C. difficileが産生する毒素 
  
 前述した C. difficileの産生する毒素として、A毒素（Toxin A; Tcd A; enterotoxin［腸
毒素］）と B毒素（Toxin B; Tcd B; cytotoxin［細胞毒素］）があり、C. difficileは毒素産
生能の違いから 3 つのタイプに分類することができる 7)。すなわち、両毒素を産生する
(A+/B+)株、A 毒素を産生しないで B 毒素のみを産生する(A–/B+)株、両毒素とも産
生しない(A–/B–)株に分類できる。(A+/B+)株、(A–/B+)株が下痢症・腸炎を起こすこと
から、A毒素が検出されない(A–/B+)株の存在にも注意する必要がある。 
 近年では、C. difficileの産生する毒素として、A毒素と B毒素の他に、第三の毒素と
し て 二 元 毒 素 (binary toxin; CDT) が 知 ら れ て い る 8,9) 。 二 元 毒 素 は 、
ADP-ribosyltransferase 活性があり、2 つの構成部分からなっている。近年、アメリカ合
衆国，カナダ，欧州では、027型 (PCR ribotype 027)という毒性の強い株の検出が増






























 現在 C. difficileが産生する毒素のうち、腸管毒性を有する Toxin Aが疾病発症の際
の最も重要な病原因子であると考えられている。Toxin A は培養細胞変性活性を有し
ており、分子量は未変性状態で 200-600 kDa、変性状態で 200-250 kDaであることが
報告されている 11)。また Toxin Aは腸管毒性の他に、細胞毒性，マウス致死毒性，赤
血球凝集活性，血管透過性亢進活性などの生物学的活性を持つことが知られている
12)。 





































Binding to surface receptors
Internalization
Glucosylation of
Rho, Rac, Cdc 42 Mitochondrial damage
NF-!B activationActin disorganization























炎症を一層増悪させたものと考えられる (Fig. 5)。 
 
 8 
Fig. 5  Toxin Aの腸炎誘発における IFN-γの役割 20) 
 
Toxin A誘発腸炎の発症及び病態には、好中球を主体とする炎症細胞を介した腸管上皮 
 細胞傷害作用があり、その過程で IFN-γが重要な役割を担っていることが示唆された。 






VancomycinやMetronidazole (Fig. 6)が経口投与される。 
          
 
Fig. 6  Vancomycin,  Metronidazole 























































I-1-5  C. difficile関連下痢症に対する新たな治療薬 
 
 現在、Optimer社（米）より Fidaxomicin (OPT-80, Tiacumicin22,23), Clostomicin24), Fig. 
7) が CDAD 等の治療薬として販売されている。また、日本においてもアステラス製
薬株式会社が、Optimer社とC. difficile感染症治療薬である「Fidaxomicin（フィダ




Fig. 7  Fidaxomicin                      
 
 Fidaxomicin は不飽和 18 員環マクロラクトンを中心にして、C-12 位に 7 炭糖、C-21
位に 6-デオキシ糖を有している。現在までに Fidaxomicinは RNAポリメラーゼを阻害
することで C. difficileを死滅させていることが分かっている 25)。従来、グラム陽性菌，グ
ラム陰性菌の両方に抗菌活性があるとされていたが、近年の研究によりグラム陰性菌
に対しては抗菌活性を示さないことが判明しており、狭域スペクトルな薬剤となってい
る 26, 27)。またハムスターを用いた in vivo試験において、Fidaxomicinを経口投与したマ
ウスの盲腸に薬剤が高濃度に蓄積していることから、腸においてほとんど吸収されず、
感染部位に高濃度で薬剤がとどまっていることが本剤の特徴である 28)。 
 以下に in vitroにおけるFidaxomicinの活性評価を示す 26) (Table 1, 2, 3)。Table 1, 2

























かを示し、Table 2 ではその阻害した数を百分率で表わしている。Table 1, 2 から
FidaxomicinのMIC (MIC ≤ 0.0625 µg/mL)が他の薬剤に比べて低いことから、非常に
強い生物活性を有していることが分かる。Table 3は C. difficile と異なる菌のMICの




Table 1.  Distribution of MIC values for 207 C. difficile strains 
No. of strains with MIC (µg/mL) of: Agent 
≤0.0009 0.0019 0.0039 0.0078 0.0156 0.0312 0.0625 0.125 0.25 0.5 1 2 4 8 16 ≥32 
Vancomycin     1  3 7 81 115       
Metronidazole   2 2 5 16 39 138 3 2       
Moxifloxacin       1 1 2 10 56 109 2 7 12 7 
Fusidic acid     65 87 44 9 1   1     
Linezolid       7 14 35 50 87 10 4    
Fidaxomicin 75 42 49 21 16 1 3          
 
 
Table 2.  Cumulative percentage of strains inhibited at a given MIC (n = 207) 
Cumulative % strains inhibited at MIC (µg/mL) of: Antimicrobial 
≤0.0009 0.0019 0.0039 0.0078 0.0156 0.0312 0.0625 0.125 0.25 0.5 1 2 4 8 16 ≥32 
Vancomycin     1 1 2 5 45 100       
Metronidazol
e 
  1 2 4 12 31 98 99 100       
Moxifloxacin       1 1 2 7 34 86 87 91 97 100 
Fusidic acid     32 73 95 99 99 99 99 100     
Linezolid       3 10 27 51 94 98 100    
Fidaxomicin 36 57 80 90 98 99 100          
 
 
Table 3.  Distribution of MIC values for Fidaxomicin and five bacterial species: B. fragilis (n = 69) 
Prevotella spp. (n = 35), Eubacterium spp. (n = 26), Lactobacillus spp. (n = 8) and P. acnes (n = 16) 
No. of isolates with MIC (µg/mL) of: Organism 
≤0.0312 0.0625 0.125 0.25 0.5 1 2 4 8 16 32 64 ≥128 
MIC50/MIC90 
Bacteroides fragilis             69 ≥128/≥128 
Prevotella spp.          1  2 32 ≥128/≥128 
Eubacterium spp. 1 3       1 6 8 3 4 32/≥128 
Lactobacillus spp.         5 2 1   NA 
Propionibacterium acnes 1 1     2 5  2 3  2 4/≥128 
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NA. not applicable. 
 
 
 また、Swanson らによるハムスターを用いた in vivo試験の報告 28)では、Clindamycin





結果、半数致死量は LD50 > 500 mg/kg となっている。 
 
 以下に、Fidaxomicinの phase-III試験の結果について述べる 29)。1回目の phase-III
試験では、被験者に対して 10日間 Fidaxomicin 200 mgを 1日 2回、Vancomycin 125 





 2回目の phase-III試験における結果を Table 4に示す。2回目の試験は患者に対し
て Fidaxomicin 200 mgを 1日 2回、Vancomycin 125 mgを 1日 4回投与して CDI治
療における安全性と治療効果の比較試験をしている。Table 4 より、再発率について
Fidaxomicinが 13%、Vancomycinが 24%と Fidaxomicinを投与した場合、再発率が約
半減していることが分かる。また、全体の治癒率は Vancomycinが 66%であるのに対し、
Fidaxomicin は 79%と、こちらも 10%程上回っている。臨床治癒率は Fidaxomicin と
Vancomycin でほとんど差がなく、また Fidaxomicin の忍容性が高いことも臨床試験か
ら分かっている。 
 
















（200 mg 1日 2回） 
Vancomycin® 





Clinical Cure 91.9% (442/481 patients) 90.2% (467/518 patients) NA (-1.8, 5.3) 
Recurrence 13.0% (51/391) 24.6% (99/403) > 0.001 (-16.8, -6.1) 






（200 mg 1日 2回） 
Vancomycin® 





Clinical Cure 87.9% (474/539 patients) 86.2% (488/566 patients) NA (-2.3, 5.7) 
Recurrence 14.1% (67/474) 26.0% (127/488) > 0.001 (-16.8, -6.8) 
Global Cure 75.5% (407/539) 63.8% (361/566) > 0.001 (6.3, 17.0) 
 
 NA = Not Applicable (trial met non-inferiority endpoint) 
 The Per Protocol (Microbiologically Evaluable) Population is the patient group with CDI confirmed by diarrhea with a positive 
toxin assay, met all inclusion/exclusion criteria, and received at least 3 days of therapy and were considered a failure or at least 8 
days of therapy and were considered a cure.  
 The Modified Intent-to-Treat Population is the patient group with CDI confirmed by diarrhea with a positive toxin assay and 
received at least one dose of study medication.   
 p-value :	 試験が統計的に信頼できるかどうかの値。P値 0.05以下なら統計的に有意とされる。	 











I-2  抗嫌気性菌活性を有する Luminamicin (1)   
 
 1985年、北里研究所の大村らによって微生物二次代謝産物からC. difficileに対して
選択的な抗菌活性を示す Luminamicin (1)(Fig. 8)が Streptomyces sp. OMR-59株の
培養液より単離された 31)。1 は嫌気性菌に対して選択的に抗菌活性を示すため、新た
な抗嫌気性菌薬としての利用が期待できる (Table 5)。 








 Streptomyces sp. OMR-59 
        Fig. 8  Streptomyces sp. OMR-59 と Luminamicin (1) 
 
 また、後に独自に Abbott研究所において、Bacteroides fragilis の生育阻害剤として




 1985年、単離当初に報告された様々な細菌に対する 1の抗菌活性を示す (Table 5, 
6, 7)。31) 
 
Table 5.  Antianaerobic and antiaerobic activity of Luminamicin (1) 
Organisms (anaerobes) MIC (µg/mL)  Organisms (aerobes) MIC (µg/mL) 

























B. disiens ATCC 29426 32  ATCC 6538P  
B. fragilis ATCC 25285 32  S. aureus CMX 686B > 100 
B. fragilis 784 32  S. aureus A5177 > 100 
B. fragilis UC-2 32  S. epidermidis 3519 > 100 
B. fragilis SFM 2906A 16  




B. fragilis SFM 2929-1 64  S. bovis A5169 > 100 
B. loescheii ATCC 15930 64  S. faecium ATCC 8043 > 100 
 S. pyogenes EES61 > 100 B. melaninogenicus 
ATCC 25845 
32 
 Acinetobacter sp. CMX 669 > 100 







 Esherichia coli Juhl > 100 B. thetaiotaomicron 
ATCC 29742 
32 
 E. coli DC-2 > 100 
B. thetaiotaomicron 106 16  Klebsiella pneumoniae > 100 
B. vulgatus 792 8  Providencia stuartii CMX > 100 
B. vulgatus SFBC 2375 64  Pseudomonas aeruginosa > 100 
 P. aeruginosa BMH 10 > 100 Clostridium difficile 
ATCC 9689 
6.25 
 P. cepacia 2961 > 100 
C. difficile ATCC 17857 16    
C. kainantoi IFO 3353 6.25    
C. perfringens ATCC 3624 3.12    
C. perfringens SFBC 2026 4    
C. perfringens 788 16    
C. perfringens ATCC 13124 32    
C. ramosum 7 32    
C. kluyveri IFO 12016 12.5    
   Fusobacterium nucleatum 
ATCC 25586 
16 
   
   Peptococcus asaccharolvticus 
ATCC 14963 
0.5 
   
P. magnus ATCC 29328 0.5    
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   Peptostreptococcus anaerobius 
ATCC 27337 
64 
   
P. micros ATCC 33270 2    
Propionibacterium acnes 132      8    
Veillonella parvula ATCC10790 0.5    
 
Table 6. Biological activity of Luminamicin (1) to Neisseria gonorrhoeae  
Test Organism MIC (µg/mL) 
Neisseria gonorrhoeae CMX 556 4 
N. gonorrhoeae CMX 557 4 
N. gonorrhoeae CMX 558 2 
N. gonorrhoeae CMX 591 2 
N. gonorrhoeae CMX 664 4 
N. gonorrhoeae 35F AMP-intermediate 1 
N. gonorrhoeae 389 AMP-resistant 2 
             AMP : Ampicillin 
 
Table 7. Biological activity of Luminamicin (1) to H. influenza germs 
Test Organism MIC (µg/mL) 
Haemophilus influenzae 519 A 2 
H. influenzae 588 A 16 
H. influenzae 632 A 2 
H. influenzae 667 A 2 
H. influenzae 747 C 8 
H. influenzae DILL AMP-resistant 8 
H. influenzae SPK AMP-resistant 8 
H. influenzae SOL AMP-resistant 2 
H. influenzae 1435 1 
H. influenzae ATCC 9795 32 
H. influenzae ATCC 19418 8 
H. influenzae ATCC 10211 2 
               AMP : Ampicillin 
 16 
  
 Table 5 より Luminamicin (1)は芽胞を形成するグラム陽性偏性嫌気性桿菌である
Clostridium 属に対して抗菌活性を示し、芽胞を形成しない嫌気性グラム陰性桿菌で






















 このような背景から、N. gonorrhoeae，H. influenzaeの AMP(Ampicillin)耐性菌に対し
ても抗菌活性を有する 1はそれら耐性菌の治療薬としての展開も期待できる。 
 さらに、最近の調査により 1が in vitroにおいてマラリア原虫に対しても生物活性を示


















Table 8.  MICs of Luminamicin (1) and the reference materials against C. difficile 
clinical isolates 
MIC (µg/mL) Strain 
Luminamicin Fidaxomicin Vancomycin Metronidazole 
C. difficile RMA 23481 1 0.015 1 0.25 
C. difficile RMA 23737 1 0.06 1 0.125 
C. difficile RMA 23744 1 0.125 1 0.25 
C. difficile RMA 23929 1 0.125 1 0.25 
C. difficile RMA 23930 0.5 0.125 1 0.125 
C. difficile RMA 23949 0.5 0.03 0.5 0.25 
C. difficile RMA 23952 1 0.06 1 0.25 
C. difficile RMA 24191 1 0.06 1 0.25 
C. difficile RMA 24203 1 0.125 0.5 0.25 
C. difficile RMA 24218 1 0.125 0.5 0.25 
C. difficile RMA 24221 1 0.06 1 0.25 
C. difficile RMA 24564 1 0.125 0.5 0.25 
C. difficile RMA 24572 2 0.03 0.5 0.25 
C. difficile RMA 24575 1 0.06 1 0.25 
C. difficile RMA 24577 1 0.03 1 0.125 
C. difficile RMA 24579 1 0.125 2 0.5 
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C. difficile RMA 24580 2 0.06 1 0.25 
C. difficile RMA 24583 1 0.06 0.5 0.25 
C. difficile RMA 24585 2 0.06 1 0.25 
C. difficile RMA 24587 1 0.015 1 0.125 
C. difficile RMA 24588 0. 5 0.06 0. 5 0.25 
C. difficile RMA 24589 1 0.06 0.5 1 
C. difficile RMA 24590 1 0.25 0.5 0.25 
C. difficile RMA 24594 1 0.06 2 0.25 
C. difficile RMA 24596 0.5 0.125 0.5 0.25 
C. difficile RMA 24599 1 0.125 0.5 0.25 
C. difficile RMA 24606 0.5 0.125 0.5 0.125 
C. difficile RMA 24611 1 0.06 0.5 1 
C. difficile RMA 24612 1 0.125 0.5 0.5 
C. difficile IHMA 
542959 
1 0.06 1 0.25 
C. difficile IHMA 
582388 
0.5 0.06 2 0.25 
C. difficile IHMA 
607508 
1 0.03 1 0.25 
C. difficile IHMA 
745465 
1 0.125 0.5 0.25 
C. difficile IHMA 
750903 
0.5 0.125 0.5 1 
C. difficile IHMA 
750912 
1 0.125 0.5 1 
C. difficile IHMA 
769153 
0.5 0.06 0.5 0.125 
C. difficile IHMA 
769154 
0.5 0.015 0.5 0.25 
C. difficile IHMA 
807309 
0.5 0.06 1 0.06 
C. difficile IHMA 1 0.06 1 0.5 
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807318 
C. difficile IHMA 
807420 
0.5 0.125 1 1 
C. difficile IHMA 
807422 
1 0.125 1 0.25 
C. difficile IHMA 
815265 
1 0.06 0.5 0.25 
C. difficile IHMA 
815267 
1 0.06 0.5 1 
C. difficile IHMA 
842261 
0.5 0.25 2 1 
C. difficile IHMA 
970285 
0.5 0.06 0.5 0.5 
C. difficile IHMA 
970289 
1 0.03 2 1 
C. difficile IHMA 
970517 
1 0.125 1 0.25 
C. difficile IHMA 
970592 
1 0.03 1 0.125 
C. difficile IHMA 
970772 
0.25 0.06 0.5 0.25 
C. difficile IHMA 
970892 
1 0.015 1 0.25 
C. difficile IHMA 
988170 
0.5 0.125 0.5 0.25 
C. difficile IHMA 
1000879 
1 0.125 1 0.125 
C. difficile IHMA 
1017947 
1 0.06 0.5 0.25 
C. difficile IHMA 
1017987 





Table 9 MIC range, MIC50 and MIC90 of Luminamicin and the reference materials 
against C. difficile clinical isolates 





Luminamicin 0.25-2 1 1 
Fidaxomicin 0.015-0.25 0.06 0.125 
Vancomycin 0.5-2 1 2 
Metronidazole 0.06-1 0.25 1 
 
 これまでの報告においてLuminamicinはMIC = 6.25 µg/mL (C. difficile ATCC 9689, 
Vancomycin MIC = 1.56 µg/mL)と報告されていたが、Tbale 8, 9から臨床株を用いた
























I-4  Luminamicin (1)の C. difficile感染ハムスターに対する評価 
  
 Luminamicinの in vivo試験を C. difficile (2009155, a NAP/027)感染ハムスターを用
いて評価を行った 37)。評価方法は感染ハムスターに対し、1 を 5 mg/kg, 50 mg/kg と
Vancomycinを 50 mg/kgをそれぞれ 1日 2回に分けて、5日間連続で経口投与し、35
日間の生存率の比較を行った。その結果を示す(Fig 9)。Fig. 9から Vancomycinを 50 
mg/kg 投与されたハムスターより 1 を 50 mg/kg投与されたハムスターのほうが生存率




Fig. 9 各投与群における C. difficile感染ハムスターの生存率 
 

























Vehicle Control 0.25% MC 
Luminamicin 5 mg/kg, bid 
PO 
Luminamicin 50 mg/kg, 
bid PO 







I-5  Luminamicin (1)の類縁体; Lustromycin 
 
  現在まで、Luminamicin (1)に類似した化合物として報告されているのは
Lustromycin38) (Fig. 9)のみである。Lustromycin は大村らによって Streptomyces sp. 
SK-1071 株から単離された化合物であり、1 と比較すると 3 位にメトキシ基を有し、10
位にメチル基を持たないといった2つの構造的な違いがあ
り、その絶対構造は決定されていない。39)しかし、1 と同じ
基本骨格を有する Lustromycinの生物活性 (Table 10)は






Table 10  Biological activity of Lustromycin  
MIC (µg/mL) 
Organisms 
Lustromycin  Vancomycin 
Staphylococcus aureus ATCC 6538P > 100 0.4 
Bacillus subtilis ATCC 6633 > 100 0.2 
Micrococcus luteus ATCC 9341 25 0.4 
Escherichia coli NIHJ > 100 50 
Klebsiella pneumoniae ATCC10031 > 100 50 
Salmonella typhimurium KB 20 > 100 50 
Proteus vulgaris IFO 3167 > 100 50 
Pseudomonas aeruginosa IFO 3080 > 100 50 
Clostridium perfringens ATCC 3624 6.25 1.56 
C. kainantoi IFO 3353 25 1.56 



















Bacteroides fragilis ATCC 23745 50 50 
Fusobacterium varium ATCC 8501 100 100 
 
 
I-6  Luminamicin (1)の下部類縁体; Nodusmicin, Nargenicin 
 
 Luminamicin (1)の下部に類似した化合物の中で、1 の無水マレイン酸を含む 14 員
環マクロラクトン骨格を持たない化合物として 1980 年に Nodusmicin40)が Wnuk ら、




Fig. 11  Nodusmicin と Nargenicinの構造 
 
 Nodusmicin と Nargenicin は、それぞれ Saccharopolyspora hirsute 367 株、および
Nocardia argentinensis Huang から単離された化合物であり 、基本骨格に
Luminamicin (1)の特徴である無水マレイン酸を含む 14員環マクロラクトン構造をもた
ない化合物である。特にNargenicinはグラム陽性菌であるStaphylococcus属やMRSA
に対して強い抗菌活性を示す 43) (Table 11)。 
 
Table 11 Biological activity of Nargenicin 
Substrates 
Organism 
Nar. Mon. Oxa. Van. Ery Spi 
Alcaligenes faecalis ATCC 1004 > 80 > 80 80 > 80 20 80 
Enterococcus faecalis ATCC 29212 > 80 2.5 5 2.5 2.5 10 
Bacillus subtilis ATCC 6633 > 80 2.5 0.6 0.3 0.125 5 























Micrococcus luteus ATCC 9341 2.5 10 0.6 2.5 0.008 2.5 
Mycrobacterium smegmatis ATCC 9341 > 80 2.5 0.6 1.25 2.5 10 
Salmonella typhimrium KCTC 1925 > 80 > 80 20 > 80 2.5 > 80 
Escherrichia coli KCTC 1923 > 80 > 80 > 80 > 80 > 80 > 80 
Oseudomonas aeruginosa KCTC 1637 > 80 > 80 > 80 > 80 80 > 80 
MRSA 693 E 0.3 0.6 > 80 1.25 2.5 2.5 
MRSA 5-3 0.3 5 > 80 10 > 80 > 80 
VRSA > 80 5 > 80 > 80 > 80 > 80 
VRE 82 > 80 0.6 > 80 > 80 > 80 > 80 
VRE 89 > 80 0.6 > 80 > 80 > 80 > 80 
VRE 98 > 80 1.23 > 80 > 80 10 2.5 
 Substrates : Nar = Nargenicin; Mon = Monensin; Oxa = Oxacillin; Van = Vancomycin; Ery = Erythromycin; Spi = Spiramycin. 
 MRSA : Methicillin resistant Staphylococcus aureus; VRSA : Vancomycin resistant Staphylococcus aureus. 
 VRE  : Vancomycin resistant Enterococcus faecalis. 
 
 Nargenicin が Staphylococcus 属に対して強い抗菌活性を示す一方で、Nodusmicin
は Staphylococcus属に対してほとんど抗菌活性を示さない (Table 12)。 
 
Table 12 Biological activities of Nodusmicin and Nargenicin to S. aureus  
In Vitro MIC (µg/mL) 
S. aureus resistant strain 
Nodusmicin Nargenicin 18-Deoxynargenicin 
UC 76 (control) > 100 0.2 1.0 
UC 6685 (P,T,C,N,K,E) > 100 0.2 1.5 
UC 6686 (G,K) > 100 0.2 3.1 
US 6687 (P,K) > 100 0.2 1.5 
UC 6686 (P,T,C,Ch,E) > 100 0.2 3.1 
 In Vivo CD50  (mg/kg) 
UC 76 (subcutaneous) > 320 17.4 > 100 
UC 76 (oral) – 50 – 
Resistant by Kirby-Bauer disc diffusion method to : Penicillin G (P), Tetracycline (T), Clindamycin (C), Novobiocin (N), 

























Fig. 12 18-Deoxynargenicinの構造 
 








Table 13 Antibacterial activities of Nodusmicin 9-O-acyl esters against S. aureus  
 
9-O-Substituent MIC (µg/mL) 
H (nodusmicin) 125 
Pyrrole-2’-carbonyl (nargenicin) 0.125 
Pyrrole-3’-carbonyl 0.39 







Isonicotinoyl > 250 
4-Methylpyrrole-2’-carbonyl 0.78 
N-Methylpyrrole-2’-carbonyl > 250 
L-Prolyl 62.5 
Δ-3’-L-Prolyl 12.5 
Pyrrole-2’-acetyl > 100 






































Pyrrole carbonyl Benzoyl Thiophene carbonyl Furan carbonyl Nicotionyl Isonicotionyl 4-Methyl pyrrole carbonyl














I-7  Luminamicin, Lustromycin, Nodusmicin, Nargenicinの活性の比較 
 
 これまで Luminamicin (1)とそれに類似した化合物について述べてきたが、それぞれ























































Fig. 13 Luminamicin (1) と類似化合物の生物活性 
 
 Fig. 13に関連して、なぜ Nargenicinが示す好気性菌活性が 1や Lustromycinには
なく、さらに抗嫌気性菌活性を有するようになったのかについては、おそらく 9 位水酸
基と、14員環マクロラクトン骨格が関係していると考えられる (Fig. 14)。 
 
 


















































I-8  Luminamicin，Nargenicinの生合成 
 
 McAlpineらによってLuminamicin (1)の生合成解析が行われており、その結果をFig. 











Fig. 15 Luminamicin (1)の生合成  
 
 Nargenicinの生合成についてもいくつかの報告 46)があり、その生合成を Fig. 16に示
す。Nargenicin についても同様に 13C で標識した化合物を用いた取り込み実験及び
13C NMR測定によって生合成経路を同定している。その結果、Nargenicin骨格中に含




























Fig. 16 Nargenicinの生合成 
 





によって裏付けられている (Fig. 17)。 
 





















































































































II-1  Luminamicin (1)の合成戦略  
  



























































II-2  Northern part (2)の構築法の確立  
	  
II-2-1  Northern part (2)の構築におけるこれまでの検討 47) 
 






































































 4 つ目はフランの側鎖にエポキシを導入し、そこに 1 級アルコールを求核付加させ、














































に対して分子内 1級アルコールを 1,6-Michael addition させることでエノールエーテル 
 
Scheme 6  1,6-Michael additionによるエノールエーテルの構築検討 
 
















































































































い。そこで、2 の 3 連続不斉中心部分を除去したモデル化合物 4 を設定し、無
水マレイン酸共役エノールエーテルの構築法の確立を行うことにした。その逆
合成を以下に示す(Scheme 8)。モデル化合物 4 はフランからの酸化反応により
高い求電子性を有する無水マレイン酸部分を構築することで得られるものとし、
14員環部分はセコ酸 6 からのマクロラクトン化により導けると考えた。6 の共
役エノールエーテル部分はエチニルエーテル 10 の位置選択的ヒドロスズ化に















































	 まず、3-メタノールから Keayらの報告 49)に従い、ヨウ素を導入し、8 とした
後に二級水酸基の臭素化を行い 11 とした。続いて NaH を用いてマロン酸ジエ
ステルを導入し、最後に Krapcho 脱炭酸反応 50)条件に付すことで目的のヨウ化













	 市販品である 4-ペンテン-1-オールを原料に Burkeらの報告 51)に従い、調製し
た 13に対し、Greeneらの手法 52)を参考に KHを用いてトリクロロエチレンを作
用させジクロロビニルとし、そのまま n-BuLiで処理することで、塩素の β-脱離











































































た。その結果、1H-NMR にて β 体の(E)-オレフィン部分と α 体の末端オレフィンのケミ
カルシフト(6.21, 4.58)をそれぞれ確認しすることが出来た。更にその積分値を確認す
ると β : α = 1.3 : 1であることから、選択性はほとんど誘起されていないことがわかった。
そこで、続いて Entry 2 ではパラジウム触媒を PdCl2（PPh3）2変更しても選択性の向上
は見られなかった。その他にも、AIBN, Bu3SnH の条件でヒドロスズ化を試みたが望ま
ない β体の(Z)-オレフィンと α体が β(Z) : α = 20 : 1で得られるのみであった。満足の
いく選択性を誘起することができなかったものの、目的の β 体の(E)-ビニルスズを得る
ことが出来たため、次に Stille カップリング反応の検討を行った。 
 




Entry Reagents Solvent Temp. Time 
16 : 17 : 18 
1 Pd（PPh3）4, Bu3SnH DCM r.t. 1.5 h 1.3 : 1 : 0 
2 PdCl2(PPh3)2, Bu3SnH DCM r.t. 0.5 h 1.3 : 1 : 0 































II-2-2-5 Stille カップリングの検討 
 
 得られたビニルスズエーテル混合物に対し、ヨウ化フランと DMF 中 PdCl2(PPh3)2, 
Et4NCl を添加して、80 ˚Cで加熱すると、反応は β体と α体がそれぞれ反応し、望み
の 19 を 31%と 20 を 29%の収率で得ることができた(Scheme 11)。また、19のエノール
エーテル部分は 1H-NMR(270 MHz, CDCl3)にて 5.51, 6.72(1H, d, J= 13 Hz)に確認さ
れたことと、マススペクトル解析(FAB, NBA matrix)により FW=547.3091 [M+H]+を示
したことから決定した。更に、エノールエーテルのオレフィン部分の幾何については J= 








 モデル化合物の合成の残る課題は 14 員環ラクトン骨格と高い求電子性を有する無
水マレイン酸の構築である。まず、19 に対し TBAFにより TBS基の除去を行い、続い
てエチルエステルの加水分解により環化前駆体であるセコ酸とした。続いてエノール
エーテルの不安定性を考慮して低温下、穏やかな条件で反応が進行する椎名マクロ









Mixture 16 : 17 = 1.3 : 1
PdCl2(PPh3)2, Et4NCl























トリウムと亜塩素酸を数回に分けて添加したところ、ラクトール 23 を 67%で得ることが
できた。そして、最後にラクトールに対し Dess-Martin periodinane63)を作用させることで
60%の収率で無水マレイン酸部分を構築し、無水マレイン酸共役エノールエーテル含
有 14員環ラクトン 24の合成を達成した 64)。 
 
Scheme 12  モデル化合物 24の合成 
 
II-2-2-7 モデル化合物 24の合成における問題点 
 
	 先の戦略通り、無水マレイン酸に共役するエノールエーテル含有 14員環ラク 










































1) 0.2N NaOH 
    MeOH, THF, H2O
    r.t.
2) MNBA, DMAP
    DCM (1.5 mM)
    0 ˚C











































(E)-体のβ-ビニルスズが優先して生成することが知られている(Scheme 14) 65) 。 
 
 




でも、現在まで報告されている最もよい選択性は Lébl らが報告しているβ:α = 2.3:1





































Scheme 16 エチニルエーテル 15 を用いた選択性の検討 
 
 先の検討結果から、目的物はシリカゲルによる精製が行えないため、溶媒として重ク
ロロホルムを用いて 1H NMRの積分値を用いて測定を行うことにした。 
 まず、ホスフィン配位子の嵩高さに注目した検討を行っ
た。嵩高さの指標としては、1977 年に Tolman によって導
入されたコーンアングル（配位子円錐角）67)を用い、最も汎
用される PPh3より嵩が低いもの、および嵩高いものを用い
た (Table 15)。コーンアングルとは Fig. 18に示す立体
モデルにおける円錐角 θである。 
 
Table 15  嵩高さに注目したホスフィン配位子を用いた反応条件検討 
 
Entry Phosphorus Ligand Cone Angle θ (deg.) Time 
Result 
16 : 17 
1 P(OMe)3 107 5 min 0.74 : 1 
2 P(OEt)3 109 13 h trace 
3 P(Me)3 118 30 min NR 
4 PMe2Ph 122 11 h trace 
PHPh2 5 min 1.03 : 1 5 P(OPh)3 
128 5 min 1.59 : 1 
6 PPh3 143 5 min 1.25 : 1 
7 PCy3 170 30 min NR 
8 P(t-Bu)3 182 5 min >20 : 1 
9 P(C6F5)3 184 5 min Decomp. 
10 P(o-Tol)3 194 5 min 2.5 : 1 





Fig. 18 コーンアングル 
TBSO
OPMB
O Bu3SnH (1.1 eq.)Pd(OAc)2 (0.1 eq.)
Ligand (0.3 eq.)




























Table 16  電子密度に注目したホスフィン配位子を用いた反応条件の検討 
 
Entry Phosphorus Ligand Electronic Parameter ν (cm–1) Time 
Result 
16 : 17 
1 P(C6F5)3 2090.9 5 min Decomp. 
2 P(OPh)3 2085.3 5 min 1.6 : 1 
3 P(OMe)3 2079.5 5 min 0.74 : 1 
4 P(OEt)3 2076.3 13 h trace 
5 PHPh2 2073.3 5 min 1.03 : 1 
6 PPh3 2068.9 5 min 1.25 : 1 
7 PEt3 2061.7 20 min 1.39 : 1 
8 PBu3 2060.3 5 min 1.11 : 1 
9 P(i-Pr)3 2059.2 5 min NR 
10 PCy3 2056.4 30 min NR 
11 P(t-Bu)3 2056.1 5 min >20 : 1 






















後速やかに 1H NMRを測定した (Table 17)。 
 
Table 17  ヒドロスズ化の溶媒の検討 
 
Entry Solvent Time Result 16 : 17 
1 CDCl3 10 min >20 : 1 
2 C6D6 10 min ND 
3 CD3CN 10 min ND 
4 THF-d8 10 min ND 
5 Toluene-d8 10 min >20 : 1 
6 CD2Cl2 10 min >20 : 1 
ND: Not Detected 
  
 検討の結果、いずれの溶媒においても TLC を用いたモニタリングでは水素化トリブ
チルスズの滴下と同時に原料は速やかに消失した。Entry 1および Entry 6で得られた
TBSO
OPMB
O Bu3SnH (1.1 eq.)Pd(OAc)2 (0.1 eq.)
Ligand (0.3 eq.)


















と予測した。そこで、融点がそれぞれ–5.5 ˚C, –45 ˚C, –64 ˚Cである重ベンゼン，重ア
セトニトリル，重クロロホルムを除いた 3 つの溶媒に関して低温化での検討を行った 
(Table 18)。 
 
Table 18  低温条件(–78 ˚C)での溶媒の検討 
Entry Solvent Temp. (˚C) Time Result 16 : 17 
1 THF-d8 –78 10 min >10 : 1 
2 Toluene-d8 –78 10 min >20 : 1 







は室温下の場合と同様に選択的に 16が得られ、その 1H NMRチャートでは生成物以
外のピークがほとんど確認されなかったため収率の向上が期待できる。 
 










 次に筆者はパラジウム触媒を用いたヒドロスズ化の反応機構を Smith らの論文を参
考に考察した 68-69)。 
 
 Fig. 18に hydropalladationで進行するエチニルエーテルのヒドロスズ化のメカニズム
を考察した。一般的な触媒サイクルを基に考えた場合、酸化的付加、ヒドロスズ化、還





P(t-Bu)3を用いた場合、α-付加体 (E)ではなく、β-付加体 (E’)のみが得られている 
 
 

































































 一方 Fig. 19に示すスタニルメタル化でも反応が進行すると予想できる。本メカニズム



































































Scheme 17 エチニルエーテル 25の逆合成解析 
 
 以下に実際の合成方法を示す(Scheme 18)。市販品である 1,2:5,6-ジ-O-イソプロピリ
デン-D-マンニトールを出発原料とし、 Roush らの報告 70)を参考に 27 を合成した。続
いて、一級水酸基選択的にピバロイル基を導入し、その後第二級水酸基を TBS 基で
保護することで化合物 28 とした。次に 80%酢酸水溶液を用いて 28のイソプロピリデン
アセタールの脱保護を行い、生じた第一級水酸基を選択的に TBS 基で保護し、ビス
シリルエーテル 29 へと導いた。得られた 29 の水酸基は最終生成物である天然物
Luminamicin (1)まで変換を必要としないため、合成最終段階までの保護が必要となる。
従って筆者は単純な官能基変換に耐え得る、かつ比較的脱保護が容易な保護基とし




























Scheme 18  ホルミルエステル 32の合成 
 

























    Pyridine
    r.t., 91%
2) TBSOTf
    2,6-Lutidine
    DCM
    r.t., 97%
1) 80% AcOH aq.
    50 ˚C, 87%
2) TBSCl
        Imidazole
DMF



















































ビニルスズエーテル 35 を得ることができた。また P(t-Bu)3を配位子としたパラジウムの
活性種はヒドロスズ化を行う際に、毎回別途調製して用いていたが、市販品のビス（トリ
-tert-ブチルホスフィン）パラジウム(0)として容易に入手可能であったため、これを用い





Scheme 21  エチニルエーテル 34の位置選択的なヒドロスズ化 
 







































(>20   :   1)
 53 
を次の反応へ用いた。そして、Stilleカップリングの検討を行うこととした。 

















Fig. 22  Baldwin らが推測する CuI(I)と CsFを用いた Stilleカップリングのメカニズム 
 

































工程 57%と中程度の収率で望みのエノールエーテル 37 を得る事ができた (Table  













行ったが、収率は 25%に留まった (Entry 4)。また、添加剤を加えずに反応を行った場
合は反応が進行するものの収率は 34%だった。 
 
Table 19  Stilleカップリングの検討 
 
Entry Condition Temp.  Time Result 
1 Pd(PPh3)4, CuI, CsF, DMF 45 ˚C 15 min 57% 
2 Pd(t-Bu3P)2, CuI, CsF, DMF 45 ˚C 15 min 31% 
3 Pd(PPh3)4, CuI, CsF, DIPEA, DMF 45 ˚C 30 min 75% 
4 Pd(PPh3)4, CuI, CsF, DIPEA, DMF r.t. 2 h 25% 
5 Pd(PPh3)4, DMF 45 ˚C 2 h 34% 
  

































① 溶出溶媒に 3% v/vのトリエチルアミンを加えた。 









Entry Solvent Time Yield 
1 DMF 30 min 75% 
2 1,4-Dioxane 2 h 36% 
3 CH3CN 1 h 48% 
4 NMP 50 min 47% 
 





































II-2-2-12  Northern part (2)の合成  
 
































Scheme 24  共役無水マレイン酸含有 14員環マクロライド 42の合成 
 

















































1) 0.2 N NaOH aq.
   THF, MeOH, r.t.
2) MNBA, DMAP
    DCM, r.t.
    74% (2 steps)
 58 
 































































ș㸸Ș = > 20 : 1
1) 0.2 N NaOH aq.
   THF, MeOH, r.t.
2) MNBA, DMAP
    DCM, r.t.












IⅠ-3-1-1  (+)-18-Deoxynargenicin Alの全合成 
 
 1988年、Kallmerten らによって(+)-18-Deoxynargenicin Alの全合成が報告されてい
る 74) (Fig. 21)。(+)-18-Deoxynargenicin Alは C8-C13架橋エーテルを含むシスデカリ











Fig. 21 (+)-18-Deoxynargenicin A1と Luminamicin (1)の構造 
 
 Kallmerten らの逆合成を示す (Scheme 26)。C8-C13架橋エーテルについては有機




































Scheme 26  (+)-18-Deoxynargenicinの逆合成解析 
 
 Kallmerten らの合成を以下に示す (Scheme 27)。まず、45 に関しては 1984 年に






Scheme 27  シスデカリンケトン (±)-45の合成 
 
 一方、44についてはキラルなビニルヨウ素体46より導いている(Fig. 22)。C17位水酸
基に TBS 基を導入した基質については 1978 年に Corey らよって合成が報告 75)され






Fig. 22 ビニルヨウ素体 46 と 47  
 
 続けて得られた 46のリチオ化を行い 44 とした後、45 を作用させることで C8-C13架
橋エーテル構造並びに C12位部分の炭素鎖の構築を一挙に行い、ラセミ体 45に由




















































Scheme上は望みの立体を有する 49の構造を示す (Scheme 28)。 
 
 
Scheme 28  架橋エーテル骨格の構築 
 
 続いて 49に対して CrO3-3,5-dimethylpyrazoleを用いることで C6位、すなわちアリル
位へカルボニル基の導入を行い、エノンへと変換した後、クプラート試薬による
Michael 反応を行う事で C1-C3 部分を導入するとともにホスフィン試薬を作用させるこ
とでエノールホスホジアミデートを得ている。この際 4位の不斉中心は、クプラート試薬
と架橋酸素の配位によって構築されると著者らは報告している。さらに Birch還元の条
件に伏すことで、C5-C6オレフィン体を得た。続いて 1位の EE 基を酸によって脱保護
した後、Jones 酸化の条件に伏すことで、カルボン酸 52 とした。続いてジアゾメタンを
用いたエステル化を行い、53 を合成し、Ｘ線結晶構造解析により 53 が目的の立体を
有していることを確認している。 
 得られた 53はまず、LDA とMoO5-pyridine-HMPAを用いて C2位に C-H酸化を行
うことで、C2位に目的の(R)の立体を有する水酸基を導入した化合物と C2位に(S)の
立体を有するエピマー体との混合物として得ている。続いて得られた混合物をメチル


















































環化時のコンホメーションに寄与していることを示唆している (Scheme 29)。 
 
 












    dimethylpyrazole
2)
    then (Me2N)2POCl
3) Li, NH3
































    pyridine-HMPA
2) Ag2O, CH3I








































IⅠ-3-1-2  Branimycinの全合成 
 
 2010 年、Mulzer らによって Branimycin の全合成が報告されている 77)。Branimycin
はC8-C13架橋エーテルを含むシスデカリン骨格に 9員環ラクトンが縮環した構造を有
しており、Luminamicin (1)のSouthern part (3)並びに(+)-18-Deoxynargenicin Alと類似
した構造を有する (Fig. 23)。 
 
 
Fig. 23  Branimycin, (+)-18-Deoxynargenicin A1, Luminamicin (1) 
 
 Mulzerらの逆合成解析を以下に示す。Kallmertenらの合成法と同様にC8-C13架橋
エーテルについては有機金属種 56 からシスデカリンケトン 57 に対して convex面か
らの反応が進行したことで生じるリチウムアニオン 55 が、C8-C9 位のエポキシ基に対
する SN2反応を行う事で形成できるものとしている。さらに C4位に立体選択的に増炭
反応を行った後、ラクトン化を行う Branimycin の合成ルートを立案している (Scheme 
30)。 
 
Scheme 30  Branimycinの逆合成解析 

























































































Scheme 31  シスデカリンケトン 57の合成 
 
 一方ビニルリチウム体 56の合成については 2007年にMulzerらによって報告されて
いるハイドロジルコニウム化を含む 9工程を用いて、(S)-Glycidol より対応するビニルヨ






Scheme 32  ビニルヨウ素体 61の合成 
 
 続けて得られた 61 のリチオ化を行った後、57 を作用させることで架橋エーテル構造
並びに C12位部分の炭素鎖を構築し 62 を得た。続けて種々の化学変換を行うことで

























5 steps 1) DDQ2) TBSOTf
3) m-CPBA






























Scheme 33  架橋エーテル骨格の構築 
 
 続いてエノン体 63 に対してマロン酸ジエステルの Michael 反応を行うことで望みの





択的メチル化、MOM 基の脱保護を行い、3 工程、59%で 65 としている。さらに、一級
アルコールに対して TEMPO酸化を用いてアルデヒド、続けて Pinnick酸化を行う事で、
セコ酸へと導き、Corey法を用いる事で環化を行い、母骨格の構築を達成している。最
















































































































IⅠ-3-1-3の Nargenicin と Branimycinの既存全合成における考察 
 









成法は Kallmerten らと同様である。 






IⅠ-3-2  Southern part (3)の合成に対するこれまでの合成戦略 
 




築に２つ方法論を用いて成功している。まず、エノン体 66 から Tf2O 存在下分子内
Michael付加反応が進行し、架橋部分を構築し 67とした。そして、そこから数工程を経
て導けるケトアルデヒド 68 からの DBU 処理により異性化が進行し、熱力学的に安定












































































 IⅠ-3-2-2 酸素架橋含有シスデカリン骨格の構築-2 
 
 もう一方の方法論としては、シスデカリン骨格を有する三環性化合物 72 から導ける
73に対し求電子剤として m-CPBAを作用させることで立体障害の少ない convex面か





















Scheme 36 酸素架橋含有シスデカリン骨格の構築-2 
 
 IⅠ -3-3 三環性化合物 72の合成に対するこれまでの合成戦略 
 
 前任者は、Southern part (3)の合成に重要な鍵中間体として考えられる 72 の合成を、
以下のように達成している (Scheme 37)。 










































ジルエーテル体 77 とした後 80)、一方のケトンのみを保護したアセタール保護体 78を
得た。続いてエステルを DIBAL-H により還元することでアルコール体 79 とし、アセタ
ールの脱保護を行った後 MePPh3Br と KOt-Bu を用いた Wittig反応によりホモアリル






Evans アルドール反応 82-84)を適用している。また、この得られたアルドール体 84 は
TEMPO/PhI(OAc)2酸化によって得られたアルデヒド体 82 のみに関して 2 工程、94%
と良好な収率が得られている。 
 次に、この 84のオキサゾリジノン部分をWeinrebアミド体 85へと変換し、2級水酸基
を保護することで TBS体 86 とした。続いて 86に対して vinyl magnesium bromideを
用いた Grignard 反応を試みたが、望みのエキソオレフィン体 87 とは別に、副生成物
であるβ-ケトアミンを収率38%で得ている。これにより、86に対する本Grignard反応で
は副反応の制御が困難であり、3工程、収率 49%という結果であった。 
 得られた 87 は Grubbs 第二世代触媒を用いて閉環メタセシスを行い環状エノン 88
とした後、Luche 還元 85)により立体選択的に 1,2-還元を行い、アリル位に OBn 基を有
する化合物 89 とした。その後、得られた 89 に対して Birch還元を行うことで、望みの
鍵中間体であるシクロヘキセン体 90 とし、その後 MnO2によるアリルアルコールの酸
化に続く、ジケテンを用いてアシル体 92とした。そして、92からMichael-aldol cascade
反応により一挙にシスデカリン部分を構築し鍵中間体である三環性化合物 72の合成
を行っている。しかし、本反応は希釈条件として 0.01M、反応時間に 72 hを要している
こと、更に再現性が低いという問題もあった。 




























































































































IⅠ -3-4 Southern part (3)の新規構築法の確立 
IⅠ -3-4-1 Southern part (3)の構築に対する新たな戦略 
 
 これまでの合成研究を踏まえ、著者は 72 の安定に量的供給を行い、かつ効率的に
Southern part (3)を合成可能とする新たな合成法を立案した (Scheme 38)。 
 まず、シスデカリン構築後に酸素架橋形成を行うと、それ以降の分子変換が困難と
なった知見から、ラクトン部分の開環、側鎖の導入を行った後の合成最終段階で酸素
架橋形成を行うことで 3 の合成が可能になると考えた。そして、72 の量的供給に関し
ては、Evans aldol 反応の原料を新たに市販化合物である acrolein (97)とし、後の
Grignard 反応で導入する部分をこれまでより大ユニットとすることで、6 員環形成前に
適切な不斉中心と置換基を導入することができ短工程化が実現可能になると考えた。





セン体 90 から酸化、アシル化を経て導ける。そして、90 はあらかじめその不斉と 2つ
のエキソオレフィンをもつビスアリルアルコール体 94 より閉環メタセシスを用いることで
合成可能であると考え、94 は Weinreb amide 体 96 より、新たに設定した Grignard
試薬による求核付加に続く、ケトンの立体選択的還元を行うことでアリルアルコールを
含むエキソオレフィンを導入し、構築できるものとした。また、96の有する 2つの不斉中
心についても新たに市販品である acrolein (97)を設定することで Evans アルドール反
応により導けると考えた。 
 73 
Scheme 38 Southern part (3)の逆合成解析 
 
IⅠ -3-4-2  三環性化合物 72の合成 
 
 市販品の acrolein (97)と(R)-(–)-4-benzyl-3-propionyl-2-oxazolidinone (83)を用いて
Evansの不斉アルドール反応を行うことによって、目的の立体を有する syn-アルド
ール体 98 を単一のジアステレオマーとして収率 98%(d.r. = >20 : 1)で得た。続いて、
98にDCM中、N,O-dimethylhydroxylamine hydrochlorideと trimethylaluminiumを用
いることで、オキサゾリジノン部分をWeinrebアミド体 96へと収率 95%で変換
した後、TESClと imidazoleを作用させることで、2級水酸基を保護した TES体 
99を定量的に得た。次に 2-chloromethyl-3-p-methoxybenzyloxy-1-propene 86)にマグ
ネシウムと 1,2-dibromoethaneを用いて調製した Grignard試薬 95を 97と反応さ

































































Scheme 39  β-シロキシケトン体 100の合成 
 
 
 続いて、100 のケトン部分の立体選択的な還元を行った。まず NaBH4を用いた還元
を試みたところ (Scheme 40)、極性が非常に近い 2点 101a, 101b （Rf = 0.49 (101a), 






Scheme 40  NaBH4を用いた還元 
 
 得られた 101a，101b は 4 位水酸基の立体異性体と考えられたため、その立体構造
















Et3B, TfOH, DIPEA, DCM –78 ˚C, 98%








0 ˚C to r.t.

























ロピリデンアセタールで保護された形の 101a’， 101b’をそれぞれ 92%，90%の収率で
得た (Scheme 41)。 
 
 
Scheme 41  101a’, 101b’のアセトニド化 
 
 Fig. 23 に示すように、syn-アセトニド体は C(4)位および C(6)位のアルキル基が
equatorial 方向に向いた「いす型配座」をとるのに対し、anti-アセトニド体ではこのアル
キル基の一方が axial 方向に向くため、メチル基との 1,3-diaxial 相互作用による立体
反発を避けるように、より安定な「ねじれ舟形配座」をとる。そのため、これら syn，antiの
立体の違いはアセトニド部分の C(2)，および 2つの C(2)-メチル基の 13C NMRの化学
シフトから区別することができる。 
 Fig. 23中に syn-，anti-体の C(2)、及び C(2)-メチル基における 13C NMRの化学シフ
トの基準値，実測値を示す。101a’の C(2)の化学シフトの実測値は 99.01 ppmであり、
syn-体の基準値 98.93 ± 0.67 ppm とよい一致を示す。また、axial位のメチル基の化学
シフトは実測値が 19.60 ppm，equatorial 位のメチル基は 30.00 ppm であり、これらも
syn-体のそれぞれの基準値 19.66 ± 0.35 ppm，30.00 ± 0.30 ppm と非常に近い値をと
ることから、101a’は syn-体であることがわかった。一方、101b’の C(2)における化学シ
フトの実測値も 100.67 ppmと、anti-体の基準値 100.64 ± 0.82 ppmとよい一致を示す。
さらに、2つのメチル基も実測値 25.27 ppm，23.93 ppmに対し基準値の 25.64 ± 1.79 



















Fig. 23  syn-, anti-1,3-ジオールアセトニドの立体配座と 13C NMRの化学シフト 
 
 以上の結果から、得られた 101aが目的の立体を有する syn-体 (102)、101bがジアス
テレオマーである anti-体 (103)であることが確認されたことから、102 を選択的に得る
還元法の検討を行ったので以下に示す。 
 まず、NaBH4より還元力の強い LiAlH4を用いた還元を試みた。その結果、syn-体の
みが 14%で得られたものの、TES 基が外れた化合物が 64%、さらに末端オレフィンも
還元された化合物が 14%の収率で確認された。そこで、LiAlH4 よりも嵩高い
LiAlH(O-t-Bu)3による還元を検討したが、NaBH4の場合と同様に 102 と 103 がそれぞ
れ 61%，20%の収率で得られた。そこで、ルイス酸性のある DIBAL-Hを DCM溶液で
調製し、THF溶液中、還元を試みたところ、102 のみが 89%と高収率かつ立体選択的
に得られた。この結果を受けて、溶媒及び DIBAL-H溶液を toluene として検討を行っ
たが、再び 102，103 がそれぞれ 51%，30%の収率で得られる結果となり、更なる収率



































Average values: 98.93 ± 0.67
Measured value: 99.01
Average values: 30.00 ± 0.30
Measured value: 30.00
Average values: 19.66 ± 0.35
Measured value: 19.60
Average values: 25.64 ± 1.79
Measured value: 25.27
Average values: 23.65 ± 0.93
Measured value: 23.93
Average values: 100.64 ± 0.82 
Measured value: 100.67
chair
13C NMR chemical shifts (ppm)
13C NMR chemical shifts (ppm)
 77 
Table 21  β-シリルオキシケトン体 100の還元の検討 
 
 
Entry Reagent Solvent Temp. Result* 102 : 103 
1 NaBH4 THF 0 ˚C 61% : 20% 
2 LiAlH4 THF 0 ˚C 14% : 0% / + bypro. 
3 LiAlH(O-t-Bu)3 THF 0 ˚C 61% : 20% 
4 DIBAL-H in DCM THF -78 ˚C 89% : 0% 
5 DIBAL-H in toluene Toluene -78 ˚C 51% : 30% 
   * isolated yields 
 
 この立体発現のメカニズムは、以下に示すchelationモデルによって説明することがで






































Fig. 24  ケトンの立体選択的還元のメカニズム 
 
 続けて、得られた 102 の第２級水酸基の TBS 化を行った。まず、DMF 中 TBSCl と
imidazoleを用いて室温で反応を行ったが、反応が進行しなかったため、DCM中、–78 
˚Cで TBSOTfと 2,6-Lutidineを作用させたところ、定量的に反応が進行しビスシリルエ





Scheme 42  ビスシリルエーテル体 104の合成 
 
 次に、DDQを用いて 104の PMB基の脱保護を行った。まず、極性溶媒であるアセト
ニトリルを用いて CH3CN/H2O = 9/1の混合溶媒中で反応を行ったところ、収率 24%で
目的のアリルアルコール体 105 を得た。しかし、低収率であったため、極性溶媒を非
極性溶媒である DCM へと変え、種々溶媒の検討を行ったので、以下に示す (Table. 
22)。 










































Entry Solvents Time Yield* 
1 CH3CN/H2O = 9/1 3.5 h 105: 24% 
2 DCM/H2O = 9/1 2 h 105: 81% / 12% impurity 
3 DCM/pH 7.2 buffer = 9/1 1.25 h 105: 90% / 10% impurity  
4 DCM/sat. NaHCO3 aq. = 9/1 1.5 h 105: 65% / 10% impurity 
  * isolated yields 
 
 
 続いて、TES基の脱保護を 70% HF•pyridine錯体を試薬および溶媒として用いて行
った。以下に HFの濃度について検討した結果を示す。 
 まず、pyridine で HF の濃度を 49%に希釈したものを用いて撹拌したところ、直ちに
原料が消失し、TES 基だけでなく TBS 基も脱保護を受けたと思われるトリオール体 
106が TLC上で確認された (Rf = 0.10, hexanes/EtOAc = 1/1)。このことから、HFの濃




基が第 1 級水酸基へと転位を起こした化合物 107 であると示唆された。また、この条
件でも 107が TLC上で痕跡量確認されたため、さらに HFの濃度を下げ 12%としたも
のを溶媒に用いたところ、目的物の 94と 107がそれぞれ 81%，18%の収率で得られた。
OX OY X = H, TES, TBS
Y = H, TES, TBS


















ったが、最終的に 106が 77%の収率で得られた (Table 23)。以上のことから、Entry 3
の条件が最適であると考えた。 
 
Table 23  TES基の脱保護の検討 
 
Entry Reagent*1 Time Results*2 
1 HF•pyridine in pyridine (49%) 5 min 106*3  
2 HF•pyridine in pyridine (16%) 2 h 94：81%, 106*3:Trace, 107*4 
3 HF•pyridine in pyridine (12%) 2 h 94:81%, 107:18%  
4 HF•pyridine in pyridine (7%) 1 h 94:63%, 105:31% 
5 HF•pyridine in THF (12%) 20 min 106:77%, 94*3:Trace 
 *1 used as a solvent (0.1 M), *2 isolated yields, *3 checked by TLC 
 *4 The structure was confirmed using of 1H NMR. 
  
 




世代 Grubbs 触媒の 4 分の 1 程度に抑えられる第一世代 Grubbs 触媒 89)を用いて検
討を行った。しかし、反応性に乏しく、かつ 90 の生成が 14%と非常に低収率であった




















収率 81%で 90が得られた。続いて、触媒の量を 10 mol%に絞ったところ、85%の収率
で 90 が得られ、問題なく反応が進行した。このことから、次に溶媒量の検討を行った。
溶媒の濃度を 0.01 Mから 0.1 M とし、第二世代 Grubbs触媒を 10 mol%で行ったとこ
ろ、 90 を収率 85%で得ることができた。そこで、さらに触媒量を減らし、DCM (0.1 M)
中、触媒の等量を 5 mol%として反応を試みたところ、86%という良好な収率で 90が得
られた。すなわち、分子内環化反応にも関わらず、高希釈条件を必要としない方法を
確立することができた。 
 このような結果から、第二世代Grubbs触媒の更なる等量の検討を行いDCM (0.1 M)
中、触媒の量を 1 mol%，0.5 mol%と減少させても、非常に高収率で反応が進行した 
(Table 24)。 
 





Entry Reagent Solvent Time Yield*  
1 Grubbs 1st cat. (5 mol%) DCM (0.1 M) 14 h 14% 
2 Grubbs 2nd cat. (30 mol%) DCM (0.01 M) 15 min 81% 
3 Grubbs 2nd cat. (10 mol%) DCM (0.01 M) 1 h 85% 
4 Grubbs 2nd cat. (10 mol%) DCM (0.1 M) 1 h 85% 
5 Grubbs 2nd cat. (5 mol%) DCM (0.1 M) 1 h 95% 
6 Grubbs 2nd cat. (1 mol%) DCM (0.1 M) 10 min 97% 
7 Grubbs 2nd cat. (0.5 mol%) DCM (0.1 M) 20 min 99% 





























 続いて、90 からこれまでの手法に従い MnO2によるアリルアルコール酸化を行い、さ
らにジケテンよるアシル化を行うことでMichael-aldol cascade反応前駆体であるアシル






Scheme 43  アシル体 92の合成 
 
 そして、鍵となる Michael-aldol 反応の大量スケールに適用可能かつ再現性の高い
反応条件の最適の検討を行ったので以下に示す(Table 25)。 
 
Table 25 Michael-aldol反応の検討 
 
Entry Reagent1) Solvent  Time Yield  
1 K2CO3 (1.0 eq.) Benzene (0.01 M) 72 h 30-60% 
2 Cs2CO3 (1.0 eq.) Benzene (0.01 M) 2.5 h Decomp. 
3 Na2CO3 (1.0 eq.) Benzene (0.01 M) 20 h N. R. 
4 K2CO3 (1.0 eq.) EtOH (0.01 M) 4 h Complex mixture 
52) K2CO3 (1.0 eq.) DMSO (0.01 M) 100 h Decomp. 
6 K2CO3 (1.0 eq.) Benzene (0.1 M) 16 h 45% 
7 
8 
K2CO3 (1.0 eq.) 
K2CO3 (1.0 eq.) 
Toluene (0.1 M) 






















































0.01 Mから 0.1 Mへと変更しても大幅な収率の低下が見られず、その結果反応時間
の大幅な短縮につながった。そこで、さらなる反応時間の短縮のため Benzeneよりも沸








 Scheme 37に示す前任者のルートにおいては、不斉の導入に用いる Evnas-aldol反
応の前駆体合成に 6工程を要しており、アルドール体 84の構築までの収率が 34%と
低かった。さらに、90 の有する不斉の一部を環化体とした後に導入していることや









存の方法に比べ、総工程を 4工程少なくし、総収率 25%で 72 の合成を達成できたこ
とから、収率を約 5.5 倍向上させることに成功した。これにより、筆者は現在まで 72 の







 次に量的供給が可能となった 72から、Southern part (3)に向けて下記に示すような
戦略で合成を進めた。即ち、先に示した戦略の通りに 3 は共役アルデヒド 93 からの
1,6-oxa-Michael 反応により、合成最終段階で架橋部分を構築することで導けるものと
















注目した。カップリングパートナーとして 72 からトリフラレート化した中間体 111 と
2-propyn-1-olから 2工程で調製できる有機スズ 112を用いて以下のような検討を行っ
た(Table 26)。まず、72から Tf2Oを用いて –78 ˚Cの低温でエノール選択的にトリフラ
ート化し、27が不安定であることから精製を行わず Benzene溶媒中 80 ˚C、触媒として
Pd(PPh3)4の条件で Stille カップリングを行ったところ側鎖が導入された 115 を 55%の
収率で得ることができた。次に、トランスメタル化を促進するとされている LiClを添加す
る 89)と収率の若干の向上が見られた。さらに、極性溶媒である DMF を用いると収率が
92%まで向上し反応時間も 1時間に短縮できた。また、添加剤として DIPEA を加えた
が収率が低下する結果となった。そこで Entry 3の条件を用い、Pd触媒を 5mol%まで
















































Entry Additive Solvent  Temp. Time Yield  
1 – Benzene  80 3 h 55% 
2 LiCl Benzene  80 2 h 66% 
3 LiCl DMF 80 1 h 92% 
4 LiCl, DIPEA DMF 80 1 h 78% 
5* LiCl DMF  45 1.5 h 87% 
*Pd(PPh3)4 5 mol% 
 

















































































































たが、LiAlH4では目的物である 118のみを収率 65%で得ることができた。 
 











Yield (%) Entry Reagents Solvent Temp. Time 
117 118 
  1   DIBAL-H THF 0 ˚C 3.0 h 17 25 
  2 LiEt3BH THF 0 ˚C 3.0 h 0 42 
  3 LiAlH4 THF 0 ˚C 1.0 h 65 0 
 
 続いて、117 対し PivCl を用いて第一級水酸基選択的な保護を行い Piv体 119 とし
た。ここでは 117が精製時にシリカゲルに吸着し回収率が低下するという問題が生じた
ため、精製を行わずに 2工程で収率を算出した。更に、MEMCl を用いて第二級水酸
基の保護を行いMEM体 120とし、TBS基の脱保護を TBAFにより、 PMB基の脱保
護に続く酸化を DDQ によりそれぞれ行うことで架橋前駆体である共役アルデヒド  

























Scheme 48  共役アルデヒド 122の合成 
 
 































(2 steps from 114)
MEMCl, DIPEA



























Table 28  架橋形成検討 
  
Entry Lewis acid Temp. Yield  
1   TBSOTf –78 ˚C to r.t. 124: 80% 
  2 TIPSOTf r.t. 123: 98% 
3 Sc(OTf)3, TIPSCl –78 ˚C to r.t. N. R. 
4 (C6H11)2BOTf, TIPSCl –20 ˚C to r.t. N. R. 
 





であった。更に、retro Michael反応が進行した 122が 43%で得られた。その他に
も、HF•pyridineやブレンステット酸である CSAを用いても目的物は低収率、又
は retro Michael反応が優先して進行する結果となった。そこで、より中性条件
で反応の行える TASFを用いて反応を行うと 125を収率 21%で得ることができ
た。このことから、脱シリル化剤は TASFが最適であると考え、更なる検討を
行った。まず、立体選択性の向上を目指し、R1の置換基を立体障害の小さい Ac















































Table 29  TIPS基の除去に伴う立体選択的プロトン化 
 
 
Result(%) Entry R1 Reagent Solvent 125 126 122 
1 Piv TBAF THF 10 (2:1) 0 43 
2 Piv HF•pyridine Pyridine 14 (1:1) 0 10 
3 Piv CSA DCM 0 0 80 
4 Piv TASF THF 21 (2:1) 0 10 
5 Ac TASF THF 35 (9:1) 20 7 
6 Ac TASF THF (degassed) 60 (9:1) 10 10 
7 Ac TASF BHT 
THF 















125 R2 = H (diastreomixture)





















	 Scheme 49	 共役アルデヒドの生成機構 
 
	 次に得られた 125から 3の構築に向け変換を行った(Scheme 50)。しかし、得
られたアルデヒドが不安定であり、未精製のままで続く変換を行うことにした。
まず、アルデヒド部分の酸化、メチルエステル化により 128を得て、続く Raney 
Ni90)による α,β-不飽和部分の還元、BOM基の除去を行い、生じた水酸基のクロ
ロメシル化に続く、脱離反応によりオレフィン 129を 5行程、収率 45%で得る
ことができた。第一級水酸基部分の保護基を TES基へと変換した 130を得た。 
 
 
Scheme 50	 TES体 132の合成 
 
	  


































    2-Methyl-2-butene
    i-PrOH, H2O, r.t.
2) TMSCHN2
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OMe 1) Raney Ni         EtOH, reflux
2) McCl, Et3N, toluene
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MeO O1) NaH, MeOH 
    0 ˚C, 92%
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て、Entry 3では立体選択性の向上を目指し、不斉 Davis試薬 92)を用いたが、選
択性、収率、共に満足のいく結果は得られなかった。そこで、類似天然物の合
成におけるKallmertenの手法を参考にVedejs 試薬 93)を用いると 68%まで向上さ
せることが出来た。 
 






Entry Oxidant Base Result 
1 Davis reagent*1 LDA 45% (3:2), SM; 18% 
2 Davis reagent KHMDS 30% (3:2), SM; 15% 
3 Chiral Davis reagent*2 LDA 32% (3:1), SM; 10% 
4 MoO5•py•HMPA*3 LDA 68% (3:2), SM; 20% 
 















































以上のことから Southern part (3)に相当する 132の合成を達成し、酸素架橋含有
シスデカリン骨格の構築法を確立した。 
 







Entry Reagent Solvent Temp. Result 
1 AgO2, MeI DMF r.t. trace 
2 MeOTf, DTBMP DCM 0 ˚C to r.t. 62% 
3 Me3OBF4, Proton-Sponge 4 MS DCM 0 ˚C 100% 
 
 
IⅠ-3-4-4  IⅠ-3の総括 
 



























































































II-4  10員環ラクトンの構築検討  
 
 Northern part (2)と Southern part (3)の構築法の確立に成功したため、次に(E)-三置
換オレフィン含有 10員環ラクトンの構築検討を行った。 
 中員環である 10員環は小員環を除いた環の中で最もひずみエネルギーの大きな環





Fig. 25  環のサイズとひずみエネルギーの関係 
 
 Luminamicin (1)の骨格に類似した構造を持つ天然物として Branimycin と
18-Deoxynargenicin A1があるが、これらの天然物は Kallmerten および Mulzer らによ
って全合成が達成されている (先述) (Fig. 26)。 
 
 








































































Scheme 52  18-Deoxynargenicin A1と Branimycinの合成におけるマクロラクトン化 
 





体を用いた (Fig. 27)。一般的によく用いられる Gubbs第二世代触媒や熱に比較的安





















































Fig. 27  オレフィンメタセシスに用いた触媒 
 
 
II-4-1-1  閉環メタセシスによる 10員環ラクトンの構築 
 
 初めに、閉環メタセシスの検討を行った。基質としては、以下のモデル化合物を設計








Scheme 53  閉環メタセシスによる 10員環 135の構築検討 
 
 検討ではジクロロメタン中加熱還流下で反応を行い、ルテニウム触媒は Fig. 28に示

































Grubbs cat. 2nd gen.
Hoveyda-Grubbs cat. 2nd gen.

























Scheme 54  期待するリレー閉環メタセシスの反応機構 
 
 そこで、筆者も実際に基質へリレー側鎖を導入した 136 を合成し、リレー閉環メタセ




















































































三置換オレフィンの構築が可能であれば、ひずみエネルギーの大きい 9 あるいは 10
員環を構築しているKallmertenやMulzerの手法を適応することが可能であると考えた。
検討では、ジクロロメタンの加熱還流下、閉環メタセシスの際に若干の変化が見られた




Scheme 56  交差メタセシスによる三置換オレフィンの形成検討 
 
 
 検討の結果、いずれの基質の場合においても目的である三置換オレフィン 140 は
得ることができず、中程度の収率で原料回収に留まった。また、わずかではあるが、










Grubbs cat. 2nd gen.




























身が反応してダイマーC となる。一方、A の末端へメチル基を二つ導入した A’は立体
障害の逆転が起こり、メチルを導入した末端側が立体的に嵩高くなる。するとルテニウ

























Fig. 28  Robinson らにより報告された立体障害による反応性の差異 
 
 そこで筆者もこのRobinsonらの方法論を参考に末端へ二つのメチル基を導入したモ














































































































温度を–78 ˚C から 0 ˚C に昇温するなど種々検討を行ったが、目的の 1,2-ジオール 
147 は得られずいずれの条件においてもアルデヒド部分が還元された生成物 148 が
得られるのみであった。そこで、閉環が起こらない理由としてメチルケトン部分の反応
性が悪いと考え、ケトン部分をヨウ素へ置き換えた基質 149 へ変換し同様の検討を行































Scheme 60  ヨウ素を導入した基質 149でのピナコールカップリング 
 
 以上の結果から、ピナコールカップリングを用いた 10員環の形成も断念した。 
 
II-4-3  Julia-Lythgoeオレフィン化を用いた三置換オレフィンの構築 
 





るが、1998年に Kocienski らによって E選択性を向上させ、またワンポットで合成可能
な改良法が報告されていること 103)から用いた。以下にモデル化合物を用いた三置換
オレフィン含有 10員環ラクトンの逆合成解析を示す (Scheme 61)。望みの三置換オレ
フィン含有 10員環ラクトン 151 は、セコ酸 152 のマクロラクトン化により合成可能と考
え、152はアルデヒド 153とフェニルテトラゾール(PT)-スルホン 154を用いた分子間で
の Julia-Lythgoe オレフィン化を行うことで三置換オレフィンを構築できると考えた。不
斉中心を 3つ持つ 153は筆者が構築法を確立したNorthern part (2)の合成中間体で
ある 27から導き、154は市販品の 6-oxoheptanoic acidから数工程で導ける。 
 











































 まず初めにアルデヒドの合成を行った。先に合成した 27 に対し、メチルリチウムを用
いてピバロイル基の脱保護を行いアルコール 155 とした後、生じた第一級水酸基を
PMB基で保護することでアルデヒド前駆体 156 とした。続いて四酸化オスミウムと過ヨ
ウ素酸ナトリウムを用いることでアルデヒド 157 を合成した (Scheme 62)。 
Scheme 62  アルデヒド 157の合成 
 
 続いて PT-スルホンの合成を行った。市販品の 6-oxoheptanoic acidを出発原料とし、
水素化リチウムアルミニウム用いてジオール 158 へと還元した後に第一級水酸基選
択的にピバロイル基で保護することで第二級アルコール 159 とした。その後 5-メルカ
プト-1-フェニル-1H-テトラゾールを用いた光延反応 104)によりスルフィド 160 とし、最後
に m-クロロ安息香酸を用いた酸化により 81%の収率で 161を合成した (Scheme 63)。 
 
Scheme 63  PT-スルホン 161の合成 
 
 これにより Julia-Lythgoeオレフィン化の Julia-Kocienski改良法に用いる基質が合成
できたので実際にオレフィン化を行った。 























































6-Oxoheptanoic acid 158 159
160 161
 105 




を順次 Dess-Martin 酸化、Pinnick 酸化の条件に付すことで定量的にカルボン酸 165
とした。そして最後に THF中、TBAF を用いて二級水酸基の TBS基の脱保護を試み
たが、室温で撹拌したところ反応が進行しなかったため、加熱還流を行うことでセ 
コ酸 166 を収率 88%で合成した (Scheme 64)。 
 
 




































































II-4-4  10員環ラクトンの構築 
  
環化前駆体の合成ができたため、次に鍵となる 10 員環ラクトンの形成検討を行った 
(Table 32)。 
 
Table 32  マクロラクトン化の検討 
 
Entry Condition Temp.  Time Result 
1 MNBA, DMAP DCM (0.0035 M) r.t. 3 h 
167: 10% 
Dimer: 14% 
2 Dipyridyldisulfide, PPh3 Toluene (0.0015 M) reflux 16 h 
Actived ester: 
73% 






かに消失し、望みの三置換オレフィン含有 10員環ラクトン 167を 10%の収率で
得ることができた。また、20員環を形成したダイマー体が 14%得られた。次に
KallmertenおよびMulzer らも用いている Corey-Nicolaouマクロラクトン化 105)を試みた
が、環化は進行せずに 73%の収率で活性エステル体が得られた。続いて山口マクロ
ラクトン化 106)を試みた。原料、2,4,6-トリクロロベンゾイルクロリドおよび
DIPEA のベンゼン溶液を室温で 5 時間撹拌した後、加熱還流した反応溶液中へ
DMAPを 17時間かけて滴下した。その結果、Entry 1より収率改善が見られ、



















● オレフィンのプロトンとメチル基が cisである場合、メチル基の 13C NMR化学シフト
値は δ = 21~28 ppm 
● オレフィンのプロトンとメチル基が transである場合、メチル基の 13C NMR化学シ
フト値は δ = 11~18 ppm 
 これは、アルキル基はプロトンと比較して「嵩高い」ため、メチル基と cis の関係にある
場合、メチル基を圧迫（圧縮）して高磁場側へシフトさせるためと考えられている。今回
得られた 167の場合、メチル基の 13C NMR化学シフト値はδ = 26.3 ppmに観測された
ことから(Z)-体であることが示唆される。また、アリルメチル部分とオレフィンプロトンの








される 10 員環ラクトンを構築することができた。しかし実際の Luminamicin (1)の構築
では、所望の(E)-体を得るためには新たな戦略が必要になる（詳細は事項にて説明す
る）。また、1963年にCoreyらは 1,2-ジオールをチオ炭酸化した後、立体特異的にオレ
























































































を立案した (Scheme 67)。即ち、1はアルキンから調製できるビニルスズ 168と















































































































































































に一級水酸基選択的に TES基を導入することでスルホン-アルコール 188 を得た。 
 
 































































































































































































































Scheme 73 新たな 10員環ラクトン構築戦略-1 
 





が高収率で得られた(Table 34)。次に 195の生成機構の考察を行った(Scheme 74)。 
 
Table 33	 ヘミアセタール 190からの 10員環構築検討 
 
Entry Base Temp. Result 
1 Et3N r.t. 189; 55%, 190; 20% 
2 Et3N r.t. to reflux Decomposed 
3 DBU r.t. 195; 78% 

























































































れたのはエステル 189 とアルドール体 195 であった。このことから、環化体が
得られなかったのは 7 員環を形成する 1 位のプロトンが非常に立体障害が大き























































































































Scheme 76 ヘミアセタール 202の合成 
 




た。その他にも、t-BuOK や Proline を用いても、得られるのはエステル 200
または基質の分解物で目的物を得ることは出来なかった。そこで、Entry 5では、
更に塩基性度が高く、嵩高い塩基である DBUを用いて、加熱条件において反応


























































Table 34	 ヘミアセタール 202からの 10員環構築検討 
 
 
Entry Base Solvent (0.05 M) Temp. Result 
1 Et3N DCM r.t. to reflux Decomposed 
2 NaH THF r.t. to reflux Decomposed 
3 t-BuOK t-BuOH r.t.  Decomposed 
4 Proline DMSO r.t. 200; 70% 












































































の低さによるものと考え、エステル 189 を調製し、分子内 Julia カップリング
を試みると、得られた生成物はヘミアセタールであった。そこで、ヘミアセタ
ールからの環拡大反応を行うと望まない 5員環を形成したアルドール 190 であ
った。通常、優位な 5員環形成より優先して 10員環を構築するには更なる検討
が必要になった。検討の結果、プロピオニル基を有するエステル 200 からのヘ
ミアセタールを介した環拡大反応により 10 員環ラクトン 203 の構築を達成し
た(Scheme 77)。本手法の鍵となるのは、アルドール反応を抑制するために、第
一級水酸基にプロピオニル基を導入し、選択的にヘミアセタールとした後に再










































































































































































Precoated silica gel plates with a fluorescent indicator (Merck 60 F254) were 
used for analytical and preparative thin layer chromatography. Flash column 
chromatography was carried out with Kanto Chemical silica gel (Kanto Chemical Co., 
Inc., Silica gel 60N, spherical neutral, 40-50 µm, Cat.-No. 37563-84) or Merck silica 
gel 230-400 mesh ASTM (60N, 40-63 µm, Cat.-No. 109385). 1H NMR spectra were 
recorded at 270 MHz, 300 MHz, 500 MHz and 13C NMR spectra were recorded at 67.5 
MHz, 75.0 MHz, 125 MHz on JEOL JNM-EX270 (67.5 MHz), JEOL ECA-500 (500 
MHz) and Varian VRX-300 (75.0 MHz). The chemical shifts are expressed in ppm 
downfield from internal solvent peaks CDCl3 (7.26 ppm, 1H NMR), CD2Cl2 (5.32 ppm, 
1H NMR), CDCl3 (77.16 ppm, 13C NMR), CD2Cl2 (53.84 ppm, 13C NMR) and coupling 
constant (J values) are given in Hertz. The coupling patterns are expressed by s (singlet), 
d (doublet), dd (double doublet), ddd (double double doublet), dt (double triplet), t 
(triplet), q (quartet), dq (double quartet), dt (double triplet) m (multiplet), br 
(broadened), app (appearance). The all infrared spectra were measured on a Horiba 
FT-210 spectrometer using a diamond horizontal ATR accessory. High- and 
low-resolution mass spectra were measured on a JEOL JMS-700 MStation and JEOL 


















To a stirred solution of 8 (2.50 g, 11.0 mmol) in DCM (22 mL) was added 
PPh3 (4.01 g, 15.0 mmol) followed by CBr4 (4.07 g, 12.0 mmol) at 0 ˚C. After 15 min, 
the mixture was quenched with saturated aqueous NH4Cl (12 mL), and separated. The 
aqueous layer was extracted with CHCl3 (12 mL x2), and the combined organic layers 
were washed with water (30 mL x1) and brine (30 mL x1), dried over sodium sulfate, 
filtered and concentrated in vacuo. The residue was purified by flash silica gel column 
chromatography (Hexanes : EtOAc = 40 : 1) to afford 11 (3.30 g, 100 %) as a colorless 
oil; Rf = 0.50 (Hexanes : EtOAc = 3 : 1); IR (NaCl): ν  cm–1: 3143, 3120, 2962, 1045, 
879; 1H NMR (270 MHz, C6D6)δ  (ppm): δ 6.75 (d, J = 1.6 Hz, 1H), 6.61 (d, J = 1.6 
Hz, 1H), 3.67 (s, 2H); 13C NMR (67.5 MHz, C6D6) δ  (ppm): 146.7, 141.9, 124.7, 69.3, 
23.8; HRMS-ESI (m/z): [M+H]+ calcd for C5H4OIBr, 285.8490, found 285.8489. 
 






To a solution of diethyl malonate in DMF : THF = 1 : 3 (v/v, 16 mL) at 0 ˚C 
was added NaH (520 mg, 12.0 mmol, 55%), and the resulting suspension was stirred for 
2 h at room temperature. The suspension was then transferred to the solution of 11 (3.10 
g, 11.0 mmol) in DMF : THF = 1 : 3 (v/v, 4 mL) via cannula. The mixture was warmed 
to room tempereture over 2 h with stirring, then quenched with water (15 mL) and 
separated. The aqueous layer was extracted with Et2O (20 mL x3), and the combined 
organic layers were washed with water (40 mL x2) and brine (40 mL x1), dried over 
sodium sulfate, filtered and concentrated in vacuo. The residue was purified by flash 

























99%) as a yellow oil; Rf = 0.58 (Hexanes : EtOAc = 2 : 1); IR (NaCl) ν  cm–1: 3143, 
2981, 1747, 1731, 1045, 867; 1H NMR (270 MHz, C6D6) δ  (ppm): 7.01 (d, J = 1.6 Hz, 
1H), 6.88 (d, J = 1.6 Hz, 1H), 3.86 (q, J = 7.3 Hz, 2H), 3.85 (q, J = 6.9 Hz, 2H), 3.78 (t, 
J = 7.9 Hz, 1H), 3.08 (d, J = 7.6 Hz, 1H), 3.08 (d, J = 7.9 Hz, 1H), 0.82 (t, J = 7.3 Hz, 
3H), 0.82 (t, J = 6.9 Hz, 3H); 13C NMR (67.5 MHz, C6D6) δ  (ppm): 168.7 (2C), 146.4, 
141.3, 124.2, 70.4, 61.7 (2C), 52.1, 25.5, 14.3 (2C); HRMS-ESI (m/z): [M]+ calcd for 











To a stirred solution of 12 (990 mg, 2.70 mmol) in DMSO (14.0 mL) at room 
temperature was added NaCl (920 mg, 15.7 mmol), water (850 µL) and DMAP (329 mg, 
2.70 mmol), and then the mixture was allowed to heat to 180 ˚C. After stirring for 19 h, 
the reaction mixture was cooled to room temperature and diluted with a mixture of 
Et2O : Hexanes = 1 : 1 (v/v, 30 mL). The organic layer was washed with water (30 mL 
x2) and brine (30 mL x1), dried over sodium sulfate, filtered and concentrated in vacuo. 
The residue was purified by flash silica gel column chromatography (Hexanes : EtOAc 
= 25 : 1) to afford 7 (700 mg, 88%) as a yellow oil; Rf = 0.54 (Hexanes : EtOAc = 5 : 
1); IR (NaCl) ν  cm–1 : 3141, 2979, 1737, 1045, 869. 1H NMR (270 MHz, C6D6) δ  
(ppm): 6.92 (d, J = 1.6 Hz, 1H), 6.82 (d, J = 1.6 Hz, 1H), 3.86 (q, J = 7.3 Hz, 2H), 
2.52 (t, J = 7.6 Hz, 2H), 2.27 (t, J = 7.6 Hz, 2H), 0.87 (t, J = 7.3 Hz, 3H); 13C NMR 
(75.0 MHz, C6D6) δ  (ppm): 172.1, 146.3, 140.2, 126.6, 70.4, 60.5, 34.0, 21.7, 14.5. 
















Ethynyl ether 15 
 
To a stirred suspension of naked potassium hydride, which was prepared from 
30% KH dispersion (299 mg, 2.24 mmol) by washing with dry pentane (10.0 mL x 3) 
under Ar, in THF (3.48 mL) at 0 ˚C was added a solution of 13 (285 mg, 1.12 mmol) in 
THF (1 mL). After stirring for 1.5 h at 0 ˚C, the suspension was cooled to –78 ˚C, and 
trichloroethylene (111 µL, 1.23 mmol) was introduced to the suspension. The mixture 
was then warmed to room temperature, stirred for 1 h and again cooled to –78 ˚C. Then 
n-BuLi (1.71 mL, 1.0 M in hexanes, 2.74 mmol) was introduced to the reaction solution. 
The resulting mixture was warmed to –40 ˚C over 1.5 h and then quenched by the 
dilution with MeOH (454 µL) and saturated aqueous NaHCO3 (2 mL). The resulting 
mixture was extracted with Et2O (10 mL x 3). The combined extracts were dried over 
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by flash 
silica gel column chromatography (Hexanes : EtOAc = 10 : 1 + 0.3% Et3N) to afford 15 
(302 mg, 97%) as a colorless oil; Rf = 0.13 (Hexanes : EtOAc = 2 : 1); IR (NaCl) v 
cm-1: 3324, 2952, 2857, 2154, 1513, 1249, 1095; 1H NMR (270 MHz, CDCl3) δ  
(ppm): 7.28 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.62 (d, J = 11.2 Hz, 1H), 
4.51 (d, J = 11.2 Hz, 1H), 4.11 (m, 2H), 3.80 (s, 3H), 3.70 (m, 1H), 3.59 (dd, J = 5.6, 
4.3 Hz, 2H), 1.61-1.54 (m, 4H), 1.56 (s, 1H), 0.89 (s, 9H), 0.04 (s, 6H); 13C NMR (67.5 
MHz, CDCl3) δ  (ppm): 158.7, 129.8, 129.0 (2C), 113.9 (2C), 90.7, 80.3, 75.3, 71.4, 
62.2, 54.7, 27.8, 27.1, 25.7, 25.4 (3C), 17.8, –5.8 (2C). HRMS (FAB, NBA matrix): 
























Furanylvinyl ether ester 19 
 
To a solution of 15 (69.1 mg, 183 µmol) and Pd (PPh3)4 (10.5 mg, 9.13 µmol) 
in DCM (1 mL) was added Bu3SnH (58.8 mg, 192 µmol) at room temperature. After 
stirring for 0.5 h, the reaction mixture was then concentrated, and the residue was 
quickly passed through short path flash silica gel column chromatography (Hexanes : 
EtOAc = 10 : 1 + 0.3% Et3N) to afford the mixture containing 16 and 16’ (1.3 : 1 ratio), 
which was used in the next reaction without further purification. To a stirred solution of 
the mixture containing 16 and 16’ in DMF (1.8 mL) was added iodofuran 7 (80.7 mg, 
275 µmol), PdCl2(PPh3)2 (6.4 mg, 9.13 µmol) and Et4NCl (30.3 mg, 183 µmol) at room 
temperature, and the reaction mixture was warmed to 80˚C. After stirring for 1 h, the 
mixture was cooled to room temperature and then diluted with water (5.0 mL). The 
quenched mixture was extracted with Hexanes : EtOAc = 1 : 1 (v/v, 5 mL x 2). The 
combined organic layers were washed with water (1 mL x 3) and brine (1 mL x 1), 
dried over sodium sulfate, filtered, and concentrated in vacuo. The crude product was 
purified by flash silica gel column chromatography (Hexanes : EtOAc = 30 : 1) to 
afford 19 (37.4 mg, 31%) as a yellow oil; Rf = 0.25 (Hexanes : EtOAc = 6 : 1), IR 
(NaCl) ν  cm–1: 2952, 2856, 1614, 1513, 1249, 1095, 1037, 835; 1H NMR (270 MHz, 
CDCl3) δ  (ppm): 7.28 (d, J = 8.9 Hz, 2H), 7.25 (s, 1H), 7.16 (s, 1 H) 6.86 (d, J = 8.9 
Hz, 2H), 6.72 (d, J = 12.9 Hz, 1H), 5.51 (d, J = 12.9 Hz, 1H), 4.59 (d, J = 11.2 Hz, 1H), 
4.54 (d, J = 11.2 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.83 (d, J = 4.9 Hz, 2H), 3.79 (s, 
3H), 3.63-3.69 (m, 1H), 3.61 (t, J = 4.9 Hz, 2H), 2.72 (t, J = 7.9 Hz, 2H), 2.55 (t, J = 7.9 
Hz, 2H), 1.60-1.64 (m, 4H), 1.25 (t, J = 7.2 Hz, 3H), 0.89 (s, 9H), 0.04 (s, 6H); 13C 
NMR (67.5 MHz, CDCl3) δ  (ppm): 173.2, 159.6, 148.4, 140.1, 138.2, 131.1, 129.9 
(2C), 123.2, 121.3, 114.2 (2C), 95.1, 77.3, 72.7, 72.2, 63.4, 60.9, 55.7, 34.4, 29.0, 28.4, 
26.4 (3C), 19.9, 18.7, 14.6, –4.8 (2C). HRMS (FAB, NBA matrix): [M+H]+ calcd for 
































To a stirred solution of 19 (44.0 mg, 80.4 µmol) in THF (2.7 mL) was added TBAF 
(480 µL, 483 µmol, 1 mol/L in THF) at room temperature. After stirring at room 
temperature for 2 h, the mixture was diluted with water (1.5 mL) and extracted with 
CHCl3 (2.0 mL x3). The combined organic layers were dried over sodium sulfate, 
filtered and concentrated in vacuo. The residue was purified by flash silica gel column 
chromatography (Hexanes : EtOAc = 2 : 1) to afford 21 (30.0 mg, 86%) as a colorless 
oil; Rf = 0.44 (CHCl3 : MeOH = 10 : 1); IR (NaCl) ν  cm−1: 3455, 2935, 2869, 1727, 
1612, 1513, 1245, 1174, 1051, 819. 1H NMR (270 MHz, CDCl3) δ  (ppm): 7.28 (d, J = 
8.6 Hz, 2H), 7.26 (d, J = 1.6 Hz, 1H), 7.16 (d, J = 1.6 Hz, 1H), 6.87 (d, J = 8.6 Hz, 2H), 
6.71 (d, J = 12.9 Hz, 1H), 5.52 (d, J = 12.9 Hz, 1H), 4.61 (d, J = 11.2 Hz, 1H), 4.56 (d, 
J = 11.2 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.86 (d, 4.3 Hz, 1H), 3.84 (d, J = 4.3 Hz, 1H), 
3.79 (s, 3H), 3.68-3.71 (m, 1H), 3.63 (brs, J = 2H), 2.72 (t, J = 8.2 Hz, 2H), 2.55 (t, J = 
8.2 Hz, 2H), 1.83 (brs, 1H), 1.66-1.69 (m, 4H), 1.25 (t, J = 7.2 Hz, 3H). 13C NMR (67.5 
MHz, CDCl3) δ  (ppm): 172.4, 158.8, 147.3, 139.2, 137.3, 129.8, 129.1 (2C), 122.2, 
120.3, 113.3 (2C), 94.4, 76.3, 71.5, 71.3, 62.2, 60.0, 54.8, 33.4, 28.0, 27.8, 19.0, 13.7. 



























A solution of 21 (5.9 mg, 13.6 µmol) in 0.2 N aqueous NaOH : MeOH : THF 
= 3 : 1 : 1 (v/v, 500 µL) was stirred at room temperature for 1 h. The mixture was 
quenched with saturated aqueous NH4Cl (500 µL), and extracted with CHCl3 (2 mL x 3). 
The combined organic layers were dried over sodium sulfate, filtered, and concentrated 
in vacuo to afford the crude product as yellow oil, which was used in the next reaction 
without further purification; Rf = 0.15 (CHCl3 : MeOH = 10 : 1).  
To a solution of MNBA (9.40 mg, 27.2 µmol) and DMAP (6.60 mg, 54.4 
mmol) in DCM (8 mL) at 0 ˚C was slowly added a solution of seco acid in DCM (1.0 
mL) over 20 min. After stirring for 10 min at 0 ˚C, the mixture was quenched with 
saturated aqueous NaHCO3 (5 mL). The mixture was extracted with CHCl3 (10 mL x 3), 
and the combined organic layer were washed with brine, and dried over sodium sulfate, 
filtrated and concentrated in vacuo. The residue was purified by flash silica gel column 
chromatography (Hexanes : EtOAc = 5 : 1 + 0.3% Et3N) to afford 22 (13.0 mg, 89%) as 
a colorless oil; Rf = 0.45 (Hexanes : EtOAc = 1 : 1); IR (NaCl) ν  cm−1: 2935, 2863, 
1731, 1612, 1511, 1245, 1172, 1035, 819. 1H NMR (270 MHz, CDCl3) δ  (ppm): 
7.27-7.26 (complex m, 3H), 7.23 (s, 1H), 7.19 (s, 1H), 6.83 (d, J = 8.6 Hz, 2H), 6.50 (d, 
J = 12.9 Hz, 1H), 5.68 (d, J = 12.9 Hz, 1H), 4.60 (d, J = 15.2 Hz, 1H), 4.55 (d, J = 15.2 
Hz, 1H), 4.23 (d, 11.0 Hz, 1H), 4.03 (d, J = 11.0 Hz, 1H), 3.92-3.99 (m, 1H), 3.88 (brs, 
2H), 3.74 (s, 3H), 2.74 (t, J = 7.3 Hz, 2H), 2.41 (t, J = 7.3 Hz, 2H), 1.72-1.76 (m, 4H). 
13C NMR (67.5 MHz, CDCl3) δ  (ppm): 172.5, 159.3, 147.6, 140.2, 139.3, 130.3, 129.6 
(2C), 122.2, 120.2, 113.8 (2C), 97.7, 74.7, 73.5, 71.3, 65.1, 55.2, 35.6, 29.0., 23.8, 19.7; 
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To a solution of 22 (16.0 mg, 41.5 µmol) in i-PrOH (4.2 mL) was added 
2-Methyl-2-butene (1.88 mL, 8.75 mmol) at 0 ˚C. To the mixture was added six 
portions both of a solution of NaH2PO4 (226 mg, 2.91 mmol) in water (total 2.1 mL; 
0.35 mL x 6) and a solution of NaClO2 (333 mg, 2.91 mmol) in water (total 2.1 mL; 
0.35 mL x 6) every 0.5 h. After stirring for 5 h, the mixture was extracted with CHCl３ 
(15 mL x 2). The combined extracts were dried over sodium sulfate, filtered,                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
and concentrated in vacuo. The residue was purified by flash silica gel column 
chromatography (Hexanes : EtOAc = 1 : 1) to afford 23 (11.0 mg, 67%) as a colorless 
oil; IR (NaCl) ν  cm−1: 3316, 2935, 2838, 1731, 1644, 1608, 1513, 1249, 1184, 829; 1H 
NMR (300 MHz, C6D6) δ  (ppm): 7.28 (d, J = 9.0 Hz, 2H), 7.16 (d, J = 13.0 Hz, 1H), 
6.94 (d, J = 9.0 Hz, 2H), 5.66 (s, 1H), 5.22 (d, J = 14.0 Hz, 1H), 4.68 (d, J = 12.0 Hz, 
1H), 4.52 (brs, 1H), 4.43 (d, J = 12.0 Hz, 1H), 4.02 (d, J = 8.0 Hz, 1H), 3.91 (d, J = 
10.0 Hz, 1H), 3.69 (d, J = 11.0 Hz, 1H), 3.65-3.79 (m, 1H), 3.45 (s, 3H), 2.25-2.65 (m, 
4H), 1.48-1.70 (m, 4H); 13C NMR (75.0 MHz, C6D6) δ  (ppm) １72.7, 171.4, 160.3, 
154.7, 153.9, 130.9, 130.5, 128.5 (2C), 114.6 (2C), 97.9, 96.8, 75.0, 71.8, 62.4, 55.2, 
34.1, 28.3, 23.7, 20.2; HRMS (FAB, NBA+NaI matrix): [M+Na]+ calcd for 































To a stirred solution of 23 (4.3 mg, 10.3 µmol) in DCM (1 mL) was added 
Dess-Martin periodinane (52.0 mg, 120 µmol) at room temperature. After stirring for 5 
h at room temperature, saturated aqueous NaHCO3 (300 µL) was added, and the mixture 
was extracted with CHCl3 (2 mL x 3). The combined organic layers were washed with 
brine (3 mL), dried over sodium sulfate, filtered, and concentrated in vacuo, and the 
residue was purified by flash silica gel column chromatography (Hexanes : EtOAc = 3 : 
1) to afford 24 (2 mg, 60%) as a colorless oil; Rf = 0.43 (Hexanes : EtOAc = 2 : 3); IR 
(NaCl) ν  cm−1: 2933, 2856, 1835, 1760, 1639, 1600, 1513, 1278, 1186, 1033, 825; 1H 
NMR (270 MHz, C6D6) δ  (ppm): 7.77 (d, J = 13.2 Hz, 1H), 7.11 (d, J = 8.6 Hz, 2H), 
6.77 (d, J = 8.6 Hz, 2H), 4.97 (d, J = 13.2 Hz, 1H), 4.41 (d, J =11.9 Hz, 1H), 4.21 (d, J 
= 11.9 Hz, 1H), 3.81-3.87 (m, 1H), 3.66-3.69 (m, 2H), 3.51-3.56 (m, 1H), 3.48 (br, 1H), 
3.29 (s, 3H), 2.05-2.15 (m, 4H), 1.31-1.35 (m, 4H); 13C NMR (75.0 MHz, C6D6) δ  
(ppm): 170.9, 165.9, 165.1, 160.4, 158.4, 138.2, 133.0, 130.6, 114.5 (2C), 103.3 (2C), 
96.3, 74.4, 72.7, 71.7, 63.1, 55.2, 32.9, 28.5, 23.8, 19.8; HRMS (FAB, NBA matrix): 

























To a stirred solution of CuBr•Me2S (293 mg, 1.43 mmol) in Et2O (1.75 mL) 
was added a solution of vinyl magnesium bromide in THF (1.0 M, 4.28 mL, 4.28 mmol) 
at –50 ˚C. After being stirred at –20 ˚C for 15 min, a solution of 27’ (82.7 mg, 475 
µmol) in Et2O (3.0 mL) was added. Then the reaction mixture was maintained –20 ˚C 
for 10 min and then allowed to warm to room temperature and stirred for 1 h. The 
reaction mixture was cooled to 0 ˚C and quenched with saturated aq. NH4Cl (5.0 mL). 
The resulting mixture was filtered by Celite® and washed with Et2O. Resulted two 
layers were separated and the aqueous phase was extracted with EtOAc (5 mL × 1). The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, 
and concentrated in vacuo. This resulting diol 27 was used in the next reaction without 
further purification; Rf = 0.38 (hexanes/EtOAc = 1/3). 
         To a stirred solution of 27 in pyridine (1.19 mL) was added PivCl (86.8 µL, 
713 µmol) at room temperature. After being stirred at room temperature for 1 h, the 
reaction mixture was cooled to 0 ˚C. Then the resulting mixture was diluted with EtOAc 
(3.0 mL) and quenched with saturated aq. NH4Cl (5.0 mL). Resulted two layers were 
separated and washed with 1M HCl aq. solution (3.0 mL × 2), the aqueous phase was 
extracted with EtOAc (5.0 mL × 1). The combined layers were washed with brine, dried 
over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by 
silica gel flash column chromatography (silica gel, hexanes/EtOAc = 2/1) to afford 28’ 
(124 mg, 91%) as a yellow oil; Rf = 0.38 (hexanes/EtOAc = 2/1); [α]22D +43.0˚ (c 1.00, 
CHCl3); IR (neat) νmax (cm-1): 3483, 2981, 2877, 1728, 1481, 1369, 1153, 995, 921, 
849; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.70 (ddd, J = 17.2, 9.7, 9.7 Hz, 1H), 
5.19-5.11 (complex m, 2H), 4.32 (dd, J = 10.9, 6.9 Hz, 1H), 4.23 (dd, J = 10.8, 4.0 Hz, 
 PivCl
    
Pyridine


















1H), 4.14 (m, 1H), 3.95 (complex m, 2H), 3.88 (dd, J = 8.9, 4.0 Hz, 1H), 2.37 (m, 1H), 
1.43 (s, 3H), 1.36 (s, 3H), 1.18 (s, 9H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.5, 
135.1, 118.8, 109.1, 76.9, 70.0, 64.3, 63.9, 46.9, 27.3 (2C), 26.5, 25.4; HRMS-ESI 
(m/z): [M+Na]+ calcd for C15H26NaO5, 309.1678; found 309.1682. 








To a stirred solution of 28’ (4.32 g, 15.1 mmol) in DCM (50.3 mL) was added 
2,6-lutidine (4.40 mL, 37.8 mmol) and TBSOTf (5.21 mL, 22.7 mmol) at room 
temperature. After being stirred at abmient temperature for 25 min, the reaction mixture 
was quenched with saturated aq. NH4Cl (60 mL) at room temperature. Resulted two 
layers were separated and the aqueous phase was extracted with DCM (60 mL). The 
combined organic layers were washed with 1M HCl aq. solution (100 mL × 1) and brine, 
dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified 
by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 20/1 to 10/1) to 
afford 28 (5.85 g, 97%) as a colorless oil; Rf = 0.60 (hexanes/EtOAc = 4/1); [α]22D 
+24.0˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2970, 2935, 2858, 1736, 1458, 
1369,1215, 1149, 1072, 918, 837, 775; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.78 
(ddd, J = 17.2, 10.3, 8.0 Hz, 1H), 5.18-5.08 (complex m, 2H), 4.24 (dd, J = 10.9, 6.3 Hz, 
1H), 4.15 (dd, J = 10.9, 7.5 Hz, 1H), 4.09 (dd, J = 12.6, 6.3 Hz, 1H), 3.96 (dd, J = 7.7, 
6.3 Hz, 1H), 3.89 (dd, J = 6.0, 4.3 Hz, 1H), 3.80 (dd, J = 8.0, 6.9 Hz, 1H), 2.60 (m, 1H), 
1.39 (s, 3H), 1.32 (s, 3H), 1.19 (s, 9H), 0.89 (s, 9H), 0.09 (s, 6H); 13C NMR (125 MHz, 
CDCl3) δ (ppm): 178.4, 135.5, 118.0, 108.9, 76.7, 73.0, 66.4, 64.0, 48.1, 38.8, 27.2 
(3C), 26.7, 26.0 (3C), 25.4, 18.2, –4.03, –4.19; HRMS-ESI (m/z): [M+Na]+ calcd for 
TBSOTf
    2,6-Lutidine
DCM















 A solution of 28 (5.84 g, 14.6 mmol) in AcOH (ca. 80 % in water, 48.7 mL) was 
stirred at 50 ˚C for 4 h. The reaction mixture was cooled to room temperature followed 
by diluted with DCM (50 mL) and cautiously quenched with solution of 5 M NaOH aq. 
solution. Resulted two layers were separated and the aqueous phase was extracted with 
DCM (50 mL × 1). The combined organic layers were washed with brine, dried over 
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica 
gel flash column chromatography (silica gel, hexanes/EtOAc = 6/1 to 3/1) to afford 29’ 
(4.57 g, 87%) as a colorless oil; Rf = 0.39 (hexanes/EtOAc = 2/1); [α]22D +6.70˚ (c 1.00, 
CHCl3); IR (neat) νmax (cm-1): 3456, 2970, 2931, 2858, 1736, 1462, 1365, 1230, 1215, 
1157, 1084, 833, 775; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.76 (ddd, J = 17.2, 10.6, 
8.9 Hz, 1H), 5.18-5.09 (complex m, 2H), 4.38 (dd, J = 11.2, 4.9 Hz, 1H), 4.07 (dd, J = 
10.9, 7.5 Hz, 1H), 3.86 (m, 1H), 3.74 (s, 1H), 2.70 (app br s, 1H), 2.62 (m, 1H), 2.09 (m, 
1H), 1.18 (s, 9H), 0.90 (s, 9H), 0.12 (s, 3H), 0.10 (s, 3H); 13C NMR (125 MHz, CDCl3) 
δ (ppm): 178.9, 136.3, 118.1, 74.7, 72.9, 64.4, 63.3, 47.1, 38.9, 27.3 (3C), 26.1 (3C), 










  80% AcOH aq.
    

















To a stirred solution of 29’ (6.05 g, 16.8 mmol) in DMF (56.0 mL) was added 
Imidazole (2.86 g, 42.0 mmol) and TBSCl (3.04 g, 20.2 mmol) at room temperature. 
After being stirred for 10 min, the reaction mixture was diluted with EtOAc (60 mL) 
followed by quenched with saturated aq. NH4Cl (60 mL). Resulted two layers were 
separated and the aqueous phase was extracted with EtOAc (100 mL × 1). The 
combined organic layers were washed with brine (200 mL × 2), dried over sodium 
sulfate, filtered, and concentrated in vacuo. The residue was purified by silica gel flash 
column chromatography (silica gel, hexanes/EtOAc = 10/1) to afford 29 (7.92 g, 99%) 
as a colorless oil; Rf = 0.72 (hexanes/EtOAc = 2/1); [α]22D +13.2˚ (c 1.00, CHCl3); IR 
(neat) νmax (cm-1): 3444, 2954, 2931, 2858, 1736, 1462, 1365, 1230, 1215, 1080, 833, 
775; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.79 (ddd, J = 17.2, 10.9, 8.6 Hz, 1H), 
5.16-5.08 (complex m, 2H), 4.34 (dd, J = 10.9, 5.2 Hz, 1H), 4.14 (dd, J = 10.9, 7.5 Hz, 
1H), 3.82 (t, J = 5.4 Hz, 1H), 3.74 (dd, J = 9.8, 3.4 Hz, 1H), 3.68 (m, 1H), 3.59 (dd, J = 
9.7, 7.5 Hz, 1H), 2.64 (app ddd, J = 13.5, 8.0, 5.4 Hz, 1H), 2.55 (d, J = 3.4 Hz, 1H), 
1.18 (s, 9H), 0.90 (s, 9H), 0.89 (s, 9H), 0.09 (s, 6H), 0.07 (s, 6H); 13C NMR (125 MHz, 
CDCl3) δ (ppm): 178.5, 136.5, 117.7, 73.3, 72.8, 64.6, 63.5, 47.3, 38.9, 27.4 (3C), 26.1 
(3C), 26.0 (3C), 18.4, 18.4, –4.1, –4.3, –5.2, –5.2; HRMS-ESI (m/z): [M+Na]+ calcd 





























To a stirred solution of 29 (6.13 g, 12.9 mmol) in DCM (64.5 mL) and 
DIPEA (86.0 mL) was added MOMCl (19.4 mL, 258 mmol) and DMAP (788 mg, 6.45 
mmol) at 0 ˚C. Then the resulting mixture allowed to warm to room temperature and 
stirred for 28 h. The reaction mixture was quenched with saturated aq. NH4Cl (150 mL). 
Resulted two layers were separated and the aqueous phase was extracted with DCM 
(150 mL × 1). The combined organic layers were washed with 1M HCl aq. solution 
(300 mL × 2) and brine, dried over sodium sulfate, filtered, and concentrated in vacuo. 
The residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 40/1 to 20/1) to afford 30 (6.70 g, 100%) as a colorless oil; Rf = 0.81 
(hexanes/EtOAc = 10/1, 2 cycles); [α]22D –5.27˚ (c 1.00, CHCl3); IR (neat) νmax 
(cm-1): 2954, 2931, 2858, 1735, 1462, 1365, 1230, 1215, 1153, 1092, 1034, 833, 775; 
1H NMR (500 MHz, CDCl3) δ (ppm): 5.72 (ddd, J = 17.2, 10.3, 9.2 Hz, 1H), 
5.16-5.08 (complex m, 2H), 4.75 (d, J = 6.3 Hz, 1H), 4.67 (d, J = 6.3 Hz, 1H), 4.30 (dd, 
J = 10.9, 4.6 Hz, 1H), 4.13 (dd, J = 10.9, 7.5 Hz, 1H), 3.90 (dd, J = 7.5, 2.3 Hz, 1H), 
3.81-3.72 (complex m, 2H), 3.66 (dd, J = 9.7, 6.3 Hz, 1H), 3.38 (s, 3H), 2.67 (app ddd, 
J = 16.3, 7.5, 4.0 Hz, 1H), 1.18 (s, 9H), 0.90 (s, 9H), 0.88 (s, 9H), 0.11 (s, 3H), 0.06 (s, 
3H), 0.05 (s, 3H), 0.04 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.4, 136.8, 
118.0, 96.5, 79.4, 74.0, 64.6, 62.7, 55.8, 46.9, 38.9, 27.4 (3C), 26.1 (3C), 26.0 (3C), 
18.4, 18.4, –3.9, –4.8, –5.3, –5.3; HRMS-ESI (m/z): [M+Na]+ calcd for C26H54NaO6Si2, 

























To the solution of 30 (1.30 g, 2.51 mmol) was added 10% HF•pyridine (14.3 
mL) at 0 ˚C. The stirred mixture was allowed to warm to room temperature and stirred 
for 3 h. Then the reaction mixture was diluted with EtOAc (30 mL) and cooled to 0 ˚C 
followed by cautiously quenched with saturated aq. NaHCO3 (20 mL). Resulted two 
layers were separated and the aqueous phase was extracted with EtOAc (30 mL × 2). 
The combined organic layers were washed with 1M HCl aq. solution (200 mL × 1) and 
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 8/1 to 
2/1) to afford 31 (978 mg, 96%) as a colorless oil; Rf = 0.36 (hexanes/EtOAc = 3/1); 
[α]22D +40.1˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 3444, 2954, 2931, 2858, 1731, 
1461, 1365, 1215, 1153, 1092, 1030, 918, 833, 775; 1H NMR (500 MHz, CDCl3) δ 
(ppm): 5.71 (ddd, J = 17.2, 10.3, 8.6 Hz, 1H), 5.19-5.11 (complex m, 2H), 4.72 (d, J = 
6.9 Hz, 1H), 4.67 (d, J = 6.9 Hz, 1H), 4.28 (dd, J = 10.9, 4.6 Hz, 1H), 4.11 (dd, J = 10.9, 
7.5 Hz, 1H), 3.88 (dd, J = 6.9, 4.0 Hz, 1H), 3.76 (dd, J = 12.0, 6.9 Hz, 1H), 3.68 (d, J = 
12.0, 6.9 Hz, 1H), 3.62 (m, 1H), 3.43 (s, 3H), 2.60 (app ddd, J = 15.8, 7.7, 4.6 Hz, 1H), 
1.19 (s, 9H), 0.90 (s, 9H), 0.12 (s, 3H), 0.08 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
(ppm): 178.4, 135.9, 118.4, 97.1, 83.1, 74.0, 64.4, 62.2, 56.0, 47.7, 38.9, 27.4 (3C), 
36.1 (3C), 18.3, –4.1, –4.7; HRMS-ESI (m/z): [M+Na]+ calcd for C20H40NaO6Si, 


























Preparation of Acetic formic anhydride 
A stirred mixture of acetic anhydride (13.0 mL, 138 mmol) and formic acid 
(5.21 mL, 138 mmol) was heated to 60 ˚C under N2 atmosphere. After being stirred for 
30 min at 60 ˚C, the mixture was cooled to room temperature. This resulting acetic 
formic anhydride was used in the next reaction without further purification. 
 
In another flask, to a stirred solution of 31 (5.57 g, 13.8 mmol) and pyridine 
(13.4 mL, 166 mmol) in DCM (138 mL) was dropwise added freshly prepared acetic 
formic anhydride over 5 min at 0 ˚C. Then the stirred mixture was allowed to warm to 
room temperature and stirred for 45 min. The reaction mixture was cooled to 0 ˚C and 
quenched with saturated aq. NH4Cl (150 mL). Resulted two layers were separated and 
the aqueous phase was extracted with CHCl3 (150 mL × 1). The combined organic 
layers were washed with 1M HCl aq. solution (300 mL × 1) and brine, dried over 
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica 
gel flash column chromatography (silica gel, hexanes/EtOAc = 8/1) to afford 32 (5.96 g, 
100%) as a colorless oil; Rf = 0.65 (hexanes/EtOAc = 2/1); [α]22D +33.3˚ (c 1.00, 
CHCl3); IR (neat) νmax (cm-1): 2970, 2931, 2858, 1728, 1462, 1365, 1215, 1153, 1103, 
1034, 922, 833, 775; 1H NMR (500 MHz, CDCl3) δ (ppm): 8.08 (s, 1H), 5.70 (ddd, J 
= 17.2, 10.6, 8.8 Hz, 1H), 5.20-5.13 (complex m, 2H), 4.69 (d, J = 6.3 Hz, 1H), 4.66 (d, 
J = 6.3 Hz, 1H), 4.49 (dd, J = 12.3, 2.6 Hz, 1H), 4.27 (dd, J = 10.6, 4.0 Hz, 1H), 4.19 
(dd, J = 12.0, 6.9 Hz, 1H), 4.14 (dd, J = 10.9, 6.9 Hz, 1H), 3.93 (dd, J = 8.0, 2.9 Hz, 
1H), 3.90 (ddd, J = 7.2, 3.4, 2.9 Hz, 1H), 3.38 (s, 3H), 2.61 (app ddd, J = 16.0, 7.5, 4.6 
Hz, 1H), 1.19 (s, 9H), 0.90 (s, 9H), 0.12 (s, 3H), 0.08 (s, 3H); 13C NMR (125 MHz, 














38.9, 27.3 (3C), 26.0 (3C), 18.4, –4.0, –4.8; HRMS-ESI (m/z): [M+Na]+ calcd for 
C21H40NaO7Si, 455.2441; found 455.2437. 








To a stirred solution of PPh3 (1.21 g, 4.60 mmol) in DCM (3.10 mL) was 
added CCl4 (223 µl, 2.30 mmol) at room temperature. After being stirred for 10 min, the 
stirred mixture was added Et3N (956 µl, 6.90 mmol) and stirred for 10 min. Then the 
resultant was added a solution of 32 (199 mg, 460 µmol) in DCM (1.50 mL). After 
being stirred for 9 h, the reaction mixture was cooled to 0 ˚C and quenched with 
saturated aq. NH4Cl (10 mL). Resulted two layers were separated and the aqueous phase 
was extracted with CHCl3 (20 mL × 1). The combined organic layers were washed with 
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 60/1 to 
15/1) to afford 33 (239 mg, 100%) as a colorless oil; Rf = 0.42 (hexanes/EtOAc = 6/1); 
[α]22D +12.5˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 2931, 2858, 1732, 1462, 
1365, 1215, 1192, 1153, 1099, 1034, 918, 833, 775; 1H NMR (500 MHz, CDCl3) δ 
(ppm): 6.54 (s, 1H), 5.71 (ddd, J = 17.2, 10.3, 9.2 Hz, 1H), 5.22-5.14 (complex m, 2H), 
4.69 (d, J = 6.9 Hz, 1H), 4.67 (d, J = 6.9 Hz, 1H), 4.26 (dd, J = 10.9, 4.6 Hz, 1H), 4.11 
(m, 2H), 3.97 (dd, J = 11.5, 6.9 Hz, 1H), 3.94 (dd, J = 7.5, 2.9 Hz, 1H), 3.88 (m, 1H), 
3.39 (s, 3H), 2.57 (app ddd, J = 16.0, 8.0, 4.6 Hz, 1H), 1.19 (s, 9H), 0.90 (s, 9H), 0.13 (s, 
3H), 0.08 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.2, 143.7, 135.5, 118.6, 
103.8, 96.2, 76.8, 73.0, 72.9, 64.3, 55.8, 47.5, 38.8, 27.2 (3C), 26.0 (3C), 18.3, –4.1, 





























To a stirred solution of 33 (6.67 g, 13.3mmol) in THF (266 mL) was dropwise 
added n-BuLi in hexane (1.64 M, 48.7 mL, 79.8 mmol) over 1 h at –78 ˚C. The stirred 
mixture was allowed to warm to –40 ˚C over 10 min and MeOH was added. Then the 
reaction mixture was allowed to warm to room temperature followed by diluted with 
Et2O (120 mL) and quenched with saturated aq. NH4Cl (300 mL). Resulted two layers 
were separated and the aqueous phase was extracted with Et2O (500 mL × 1). The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, 
and concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 15/1, 8/1 to 5/1) to afford 34 (4.51 g, 
98%) as a pale yellow oil; Rf = 0.44 (hexanes/EtOAc = 3/1); [α]22D +21.6˚ (c 1.00, 
CHCl3); IR (neat) νmax (cm-1): 3456, 3325, 3016, 2951, 2931, 2858, 2152, 1739, 1439, 
1365, 1215, 1099, 1030, 918, 833, 775; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.70 
(ddd, J = 17.2, 10.3, 9.2 Hz, 1H), 5.29-5.21 (complex m, 2H), 4.71 (s, 3H), 4.30 (dd, J = 
10.9, 2.9 Hz, 1H), 4.15 (dd, J = 10.9, 6.9 Hz, 1H), 4.02 (m, 1H), 3.91 (dd, J = 8.0, 2.3 
Hz, 1H), 3.81 (m, 1H), 3.59 (m, 1H), 3.41 (s, 3H), 2.45 (app ddd, J = 14.3, 8.3, 6.0 Hz, 
1H), 1.95 (t, J = 6.30 Hz, 1H), 1.55 (s, 1H), 0.91 (s, 9H), 0.13 (s, 3H), 0.10 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ (ppm): 135.9, 119.5, 96.2, 91.0, 78.6, 76.6, 74.3, 63.1, 
55.9, 50.1, 26.7, 26.1 (3C), 18.4, –4.0, –4.8; HRMS-FAB (m/z): [M]+ calcd for 

















Hydrostannylation of ethynyl ether 15 (General procedure) 
 
 
Preparation of active palladium species 
A solution of palladium acetate (0.91 mg, 4.02 µmol) in CDCl 3 (402 µL) was 
added PPh3 (3.17 mg, 12.1 µmol) at room temperature. The reaction mixture was strried 
for 30 min at ambient temperature. This resulting active palladium species was used in 
the next reaction without further purification. 
 
In another flask, to a stirred solution of 15 (15.2 mg, 40.2 µmol) in CDCl3 
(201 µL) was added freshly prepared active palladium species (4.02 µmol) in CDCl3 
(402 µL) at room temperature. The stirred mixture was added Bu3SnH (11.6 µL, 44.2 
µmol) dropwise over 2 min. Immediately after the addition of Bu3SnH, an aliquot of the 
reaction mixture was removed for 1H NMR spectroscopic analysis. The total time that 
elapsed to produce the 1H NMR spectrum was less than 15 min from the initial 
introduction of Bu3SnH; at that point the starting material 15 was completely consumed. 
The regioselectivity of hydrostannylation were determined by chemical shifts of 1H 













Bu3SnH (1.1 eq.) 
Pd(OAc)2 (0.1 eq.)





















Rf = 0.50 (hexanes/EtOAc = 6/1); IR (neat) νmax (cm-1): 3016, 2931, 2858, 1739, 
1612, 1512, 1458, 1365, 1203, 1092, 1038, 1003, 833, 775; 1H NMR (500 MHz, 
CDCl3) δ (ppm): 7.27 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.50 (d, J = 7.0 Hz, 
1H), 4.60 (d, J = 10.9 Hz, 1H), 4.50 (d, J = 10.9 Hz, 1H), 4.18 (dd, J = 14.3, 2.3 Hz, 
1H), 4.00 (dd, J = 6.9, 1.7 Hz, 1H), 3.80 (s, 3H), 3.72 (m, 2H), 3.64 (m, 1H), 3.59 (dd, J 
= 6.0, 4.9 Hz, 2H), 1.69-1.50 (complex m, 4H), 0.89 (s, 9H), 0.04 (s, 6H); 13C NMR 
(125 MHz, CDCl3) δ (ppm): 159.3, 152.1, 130.9, 129.6 (2C), 113.9 (2C), 86.7, 76.8, 
71.8, 70.5, 63.2, 55.4, 28.7, 28.2, 26.1 (3C), 18.5, –5.1 (2C); HRMS-FAB (m/z): 








To a solution of 34 (34.9 mg, 101 µmol) in DCM (1.01 mL) was added 



































to –78 ˚C then Bu3SnH (27.8 µL, 106 µmol) was slowly added over 3 min. After being 
stirred for 5 min, the reaction mixture was allowed to warm to ambient temperature and 
concentrated under reduced pressure to afford the 35. This resulting β-vinylstannan 35 
was used in the next reaction without further purification; Rf = 0.55 (hexanes/EtOAc = 
3/1). 
To a stirred solution of freshly prepared 7 in DMF (510 µL) was added a 
solution of 35 (44.5 mg, 152 µmol) in DMF (510 µl) and DIPEA (52.9 µL, 303 µmol) 
at room temperature. Then Pd(PPh3)4 (5.84 mg, 5.05 µmol), CuI (1.92 mg, 10.1 µmol) 
and CsF (33.8 mg, 222 µmol) were added. The stirred mixture was allowed to warm to 
45 ˚C and stirred for further 30 min. Then the reaction mixture was cooled to ambient 
temperature and diluted with hexanes/EtOAc = 1/1 (v/v, 2.0 mL) and water (3 mL). 
After vigorously stirring, the mixture was filtered through Celite® and washed with 
hexanes/EtOAc = 1/1 (v/v, 5.0 mL). Resulted two layers were separated and the 
aqueous phase was extracted with EtOAc (5.0 mL × 1). The combined organic layers 
were washed with saturated aq. NH4Cl (10 mL × 1) and brine, dried over sodium sulfate, 
filtered, and concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, 10%W K2CO3, hexanes/EtOAc = 10/1 to 4/1, 0.3% Et3N) to 
afford 37 (38.7 mg, 75%) as a yellow oil; Rf = 0.38 (hexanes/EtOAc = 2/1); [α]22D 
+1.09˚ (c 0.10, DCM); IR (neat) νmax (cm-1): 3444, 3001, 2932, 2858, 1736, 1556, 
1369, 1227, 1215, 1099, 1034, 918, 833, 775; 1H NMR (500 MHz, CD2Cl2) δ (ppm): 
7.28 (s, 1H), 7.16 (app dd, J = 2.7, 1.2 Hz, 1H), 6.70 (d, J = 13.2 Hz, 1H), 5.75 (ddd, J 
= 17.2, 10.6, 8.9 Hz, 1H), 5.52 (d, J = 12.6 Hz, 1H), 5.24-5.18 (complex m, 2H), 4.71 (d, 
J = 6.9 Hz, 1H), 4.69 (d, J = 6.9 Hz, 1H), 4.10 (q, J = 7.2 Hz, 2H), 4.02 (dd, J = 9.2, 1.7 
Hz, 1H), 3.95 (dd, J = 7.5, 2.9 Hz, 1H), 3.93-3.86 (complex m, 2H), 3.79 (m, 1H), 3.56 
(m, 1H), 3.37 (s, 3H), 2.70 (app dd, J = 8.3, 7.2 Hz, 2H), 2.54 (app dd, J = 8.3, 6.6 Hz, 
2H), 2.49 (m, 1H), 1.99 (br s, 1H), 1.23 (t, J = 7.2 Hz, 3H), 0.92 (s, 9H), 0.14 (s, 3H), 
0.11 (s, 3H); 13C NMR (125 MHz, CD2Cl2) δ (ppm): 173.0, 148.2, 140.1, 138.1, 137.3, 
123.3, 121.4, 118.7, 96.5, 95.2, 77.6, 74.7, 69.9, 63.3, 60.8, 56.0, 50.3, 34.2, 26.2 (3C), 
19.8, 18.6, 14.4, –3.9, –4.7; HRMS-ESI (m/z): [M+Na]+ calcd for C26H44NaO8Si, 















Rf = 0.38 (hexanes/EtOAc = 2/1); 1H NMR (500 MHz, CD2Cl2) δ (ppm): 7.75 (app d, 
J = 1.7 Hz, 1H), 7.15 (app d, J = 1.2 Hz, 1H), 6.24 (d, J =6.3 Hz, 1H), 5.75 (ddd, J = 
17.2, 10.3, 9.2 Hz, 1H), 5.25-5.17 (m, 1H), 5.05 (d, J = 6.9 Hz, 1H), 4.68 (d, J = 6.9 Hz, 
1H), 4.66 (d, J = 6.9 Hz, 1H), 4.17 (dd, J = 11.5, 2.9 Hz, 1H), 4.10 (q, J = 7.2 Hz, 2H), 
4.01 (dd, J = 11.5, 6.9 Hz, 1H) 3.96-3.89 (complex m, 2H), 3.79 (dd, J = 10.9, 5.2 Hz, 
1H), 3.55 (dd, J = 10.3, 6.3 Hz, 1H), 3.32 (s, 3H), 2.70 (t, J = 7.5 Hz, 2H), 2.52 ((t, J = 
7.5 Hz, 2H), 2.46 (m, 1H), 2.00 (s, 1H), 1.23 (dt, J = 7.2, 2.3 Hz, 3H), 0.92 (s, 9H), 0.14 














A solution of 37 (338 mg, 659 µmol) in 0.2 M aq. solution 





















1) 0.2 N NaOH aq.
   THF, MeOH, r.t.
2) MNBA, DMAP
    DCM, 0 ˚C
    74% (2 steps)
 144 
The reaction mixture was diluted with DCM (50 mL) and quenched with saturated aq. 
NH4Cl (100 mL). Resulted two layers were separated and aqueous phase was extracted 
with DCM (100 mL × 1). The combined organic layers were washed with brine, dried 
over sodium sulfate, filtered and concentrated under reduced pressure to afford crude 
product. This resulting seco acid was used in the next reaction without further 
purification; Rf = 0.17 (hexanes/EtOAc = 1/1). 
To a stirred solution of MNBA (454 mg, 1.32 mmol) and DMAP (725 mg, 
5.93 mmol) in DCM (400 mL) was slowly added a solution of freshly prepared seco 
acid in DCM (39.0 mL) over 2 h via syringe pump at 0 ˚C. After being stirred at 0 ˚C 
for 30 min, the reaction mixture was quenched with saturated aq. NaHCO3 (400 mL). 
Resulted two layers were separated and the aqueous phase was extracted with DCM 
(400 mL × 1). The combined organic layers were washed with water (800 mL × 1) and 
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1) 
to afford 40 (226 mg, 74%) as a yellow oil; Rf = 0.54 (hexanes/EtOAc = 3/1); [α]23D 
+54.1˚ (c 1.00, DCM); IR (neat) νmax (cm-1): 3001, 2951, 2893, 2858, 1739, 1458, 
1365, 1215, 1103, 1026, 918, 833, 775; 1H NMR (500 MHz, CD2Cl2) δ (ppm): 7.27 (s, 
1H), 7.21 (s, 1H), 6.74 (d, J = 13.2 Hz, 1H), 5.92 (ddd, J = 17.8, 10.9, 6.9 Hz, 1H), 5.70 
(d, J = 13.2 Hz, 1H), 5.22-5.14 (complex m, 2H), 4.68 (d, J = 6.9 Hz, 1H), 4.66 (d, J = 
6.9 Hz, 1H), 4.45 (dd, J = 11.5, 7.5 Hz, 1H), 4.29 (br s, 1H), 4.20 (app d, J = 13.2 Hz, 
1H), 4.16 (dd, J = 11.7, 2.3 Hz, 1H), 3.97 (dd, J = 12.6, 8.0 Hz, 1H), 3.97 (br s, 1H), 
3.35 (s, 3H), 2.93 (complex m, 3H), 2.59 (ddd, J = 13.8, 10.3, 3.4 Hz, 1H), 2.42 (ddd, J 
= 13.8, 10.6, 7.7 Hz, 1H), 0.92 (s, 9H), 0.13 (s, 3H), 0.08 (s, 3H); 13C NMR (125 MHz, 
CD2Cl2) δ (ppm): 172.2, 148.0, 140.7, 139.6, 136.1, 122.3, 120.9, 117.3, 97.3, 96.6, 
78.0-76.0 (2C), 73.0, 63.4, 55.9, 46.6, 36.2, 26.1 (3C), 20.9, 18.5, –4.2, –4.4; 




















To a stirred solution of 40 (40.1 mg, 85.9 µmol) in i-PrOH (1.72 mL) was 
added 2-Methyl-2-butene (1.10 mL, 10.3 mmol) and a solution of NaH2PO4•2H2O (1.61 
g, 10.3 mmol) in H2O (0.86 mL) at 0 ˚C. The stirred solution was slowly added of a 
solution of NaClO2 (79%, 466 mg, 4.07 mmol) in H2O (0.86 mL), then allowed to warm 
to room temperature and stirred for 40 min. The reaction mixture was diluted with 
DCM (5.0 mL), resulted two layers were separated and the aqueous phase was extracted 
with DCM (5.0 mL × 1). The combined organic layers were washed with brine, dried 
over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by 
silica gel flash column chromatography (silica gel, hexanes/EtOAc = 6/1, 3/1 to 1/1) to 
afford inseparable diastereomixture 41 (18.9 mg, 44%) as a colorless amorphous; Rf = 
0.54 (hexanes/EtOAc = 3/1); IR (neat) νmax (cm-1): 3448, 2954, 2931, 2858, 1736, 
1617, 1612, 1458, 1365, 1230, 1215, 1196, 1072, 1030, 960, 922, 833, 775; 1H NMR 
(500 MHz, CD2Cl2) δ (ppm): 7.19 (d, J = 13.2 Hz, 1H), 6.00 (dd, J = 10.0, 9.7 Hz, 1H), 
5.90-5.78 (complex m, 2H), 5.23-5.17 (complex m, 2H), 4.72-4.59 (complex m, 2H), 
4.42 (m, 0.5H), 4.37 (m, 0.5H), 4.20-3.88 (complex m, 3H), 3.82 (m, 0.5H), 3.60 (m, 
0.5H), 3.35 (s, 1.5H), 3.35 (s, 1.5H), 2.82 (m, 1H), 2.73-2.40 (complex m, 4H), 1.67 (m, 
0.5H), 1.26 (m, 0.5H), 0.93 (m, 9H), 0.14 (s, 1.5H), 0.13 (s, 1.5H), 0.11 (s, 1.5H), 0.10 
(s, 1.5H); 13C NMR (125 MHz, CD2Cl2) δ (ppm): 172.3 (0.5C), 172.0 (0.5C), 156.5 
(0.5C), 156.3 (0.5C), 154.6, 136.6 (0.5C), 136.3 (0.5C), 123.3 (0.5C), 123.1 (0.5C), 
118.1 (0.5C), 118.0 (0.5C), 99.0, 96.9 (0.5C), 96.8 (0.5C), 96.5, 78.0-75.3 (2C), 71.6 
(0.5C), 71.4 (0.5C), 65.0, 56.1 (0.5C), 56.1 (0.5C), 46.2 (0.5C), 46.0 (0.5C), 33.8, 30.1, 





















521.2183; found, 521.2182. 
 









To a stirred solution of 41 (38.1 mg, 76.4 µmol) in DCM (7.64 mL) was 
added anhydrous NaHCO3 (57.8 mg, 688 µmol) and Dess-Martin periodinane (97.2 mg, 
229 µmol) at room temperature under N2 atmosphere. After being stirred at ambient 
temperature for 40 min, the reaction mixture was filtered through Celite® and washed 
with DCM (10.0 mL). The filtrate was washed with H2O (20 mL × 1), saturated aq. 
NaHCO3 (20 mL × 1), saturated aq. Na2S2O3 (20 mL × 1) and brine, dried over sodium 
sulfate, filtered, and concentrated in vacuo to afford 42 (35.3 mg, 93%) as a yellow oil; 
Rf = 0.49 (hexanes/EtOAc = 2/1); [α]23D +5.90˚ (c 0.50, DCM); IR (neat) νmax (cm-1): 
2951, 2893, 2858, 1763, 1639, 1462, 1257, 1184, 1099, 1030, 914, 833, 775, 737; 1H 
NMR (500 MHz, CD2Cl2) δ (ppm): 7.64 (d, J = 13.2 Hz, 1H), 5.89-5.78 (complex m, 
2H), 5.25-5.12 (complex m, 2H), 4.63 (app s, 2H), 4.44 (app br s, 1H), 4.42 (app br s, 
1H), 4.21 (dd, J = 12.6, 537, 1H), 4.07 (app br s, 1H), 3.94 (app br s, 1H), 3.41-3.28 
(complex m, 4H), 2.90-2.74 (complex m, 3H), 2.66-2.50 (complex m, 2H), 0.92 (s, 9H), 
0.14 (s, 3H), 0.10 (s, 3H); 13C NMR (125 MHz, CD2Cl2) δ (ppm): 171.1, 166.1, 165.2, 
160.4, 139.1, 136.2, 132.7, 118.2, 97.3, 96.6, 76.8, 72.3, 65.3, 56.2, 46.3, 33.0, 30.1, 
26.1 (3C), 20.0, 18.5, –4.2, –4.4; HRMS-ESI (m/z): [M+Na]+ calcd for C24H36NaO9Si, 





































To a stirred solution of Et3B in hexanes (52.6 mL, 55.8 mmol) was added 
TfOH (4.94 mL, 55.8 mmol) at 0 ˚C. After being stirred at 40 ˚C for 30 min, to the 
solution mixture was added a solution of (R)-(–)-4-benzyl-3-propionyl-2-oxazolidinone 
(83) (10.0 g, 42.9 mmol) in DCM (64.8 mL) and DIPEA (9.71 mL, 55.8 mmol) at 0 ˚C. 
To this solution was added dropwise a solution of acrolein (97) (3.73 mL, 55.8 mmol) 
in DCM (21.0 mL) over 20 min at –78 ˚C. After being stirred at –78 ˚C for 10 min, the 
reaction mixture was quenched with MeOH (8.5 mL), phosphate buffer, solution in 
water, pH 7.2 (94 mL) and 30% aq. H2O2 (47 mL) dropwise at –78 ˚C. The organic 
phase was separated and the aqueous phase was extracted with CHCl3 (100 mL × 2). 
The combined organic phases were washed with brine (100 mL × 1), dried over sodium 
sulfate, filtered, and concentrated in vacuo. The residue was purified by silica gel flash 
column chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 98 (12.2 g, 98%) as 
a white crystal; mp 76.2 ˚C; Rf = 0.55 (hexanes/EtOAc = 1/1); [α]24D –64.4˚ (c 1.00, 
CHCl3); IR (KBr) ν  cm－１: 3506, 3078, 3030, 3003, 2985, 2939, 2879, 1896, 1755, 
1705, 1603, 1454, 1430, 1392, 1379, 1352, 1223, 1107, 972, 945, 768, 752, 704, 683; 
1H NMR (500 MHz, CDCl3) δ (ppm): 7.33 (d, J = 7.5 Hz, 2H), 7.29 (d, J = 6.9 Hz, 
1H), 7.21 (d, J = 7.5 Hz, 2H), 5.85 (ddd, J = 16.9, 11.5, 5.2 Hz, 1H), 5.36 (app d, J = 
17.2 Hz, 1H), 5.23 (app d, J = 10.3 Hz, 1H), 4.72 (m, 1H), 4.52 (m, 1H), 4.24 (dd, J = 
9.2, 7.5 Hz, 1H), 4.20 (dd, J = 9.2, 2.3 Hz, 1H), 3.88 (ddd, J = 14.0, 7.2, 3.4 Hz, 1H), 
3.26 (dd, J = 13.2, 3.4 Hz, 1H), 2.80 (dd, J = 13.5, 9.5 Hz, 1H), 1.25 (d, J = 7.5 Hz, 
3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 176.5, 153.2, 137.4, 135.1, 129.5 (2C), 
129.0 (2C), 127.4, 116.3, 72.7, 66.3, 55.2, 42.6, 37.8, 11.1; HRMS-FAB (m/z): [M+H]+  
calcd for C16H20NO4, 290.1392, found 290.1395. 
Et3B, TfOH, DIPEA, DCMthen, –78 ˚C, 98%























To a stirred solution of N,O-dimethylhydroxylamine hydrochloride (16.9 g, 
173 mmol) in THF (114 mL) was added trimethylaluminium in hexanes (1.08 M, 160.3 
mL, 173 mmol) at 0 ˚C. After being stirred at 0 ˚C for 30 min and for additional 30 min 
at room temperature. To this solution was added a solution of 98 (16.7 g, 57.7 mmol) in 
THF (30 mL) at –20 ˚C. After being stirred at 0 ˚C for 20 min, the solution was poured 
into a stirred mixture of THF (220 mL) and aq. 1N HCl (220 mL) solution at 0 ˚C. The 
organic phase was separated and the aqueous phase was extracted with CHCl3 (200 mL 
× 3). The combined organic phases were washed with brine (400 mL × 1), dried over 
sodium sulfate, filtered, and concentrated in vacuo.  The residue was purified by silica 
gel flash column chromatography (silica gel, hexanes/EtOAc = 2/1) to afford 96 (9.47 g, 
95%) as a pale yellow oil; Rf = 0.33 (hexanes/EtOAc = 1/2); [α]24D –37.2˚ (c 1.00, 
CHCl3); IR (KBr) ν  cm－１: 3435, 3082, 2978, 2939, 1780, 1639, 1462, 1427, 1388, 
1180, 991, 926, 623; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.82 (ddd, J = 16.9, 11.2, 
5.2 Hz, 1H), 5.36 (app d, J = 17.2 Hz, 1H), 5.20 (app d, J = 10.3 Hz, 1H), 4.45 (app br s, 
1H), 3.71 (s, 3H), 3.21 (s, 3H), 2.96 (app br s, 1H), 1.17 (d, J = 6.9 Hz, 3H); 13C NMR 
(125 MHz, CDCl3) δ (ppm): 176.3, 138.0, 114.7, 72.5, 61.0, 39.6, 31.3, 11.5; 











0 ˚C to r.t.



















To a stirred solution of 96 (500 mg, 2.89 mmol) in DMF (28.9 mL) was added 
imidazole (413 mg, 6.07 mmol) and TESCl (510 µL, 3.03 mmol) at room temperature. 
After being stirred at room temperature for 20 min, the reaction mixture was quenched 
with saturated aq. NH4Cl (30 mL) at room temperature. The organic phase was 
separated and the aqueous phase was extracted with a mixture solution of 
hexanes/EtOAc = 1/1 (v/v, 30 mL). The combined organic phases were washed with 
H2O (100 mL × 2) and brine (100 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 6/1) to afford 99 (836 mg, 100%) as a 
colorless oil; Rf = 0.64 (hexanes/EtOAc = 1/1); [α]24D –15.7˚ (c 1.00, CHCl3); IR 
(KBr) ν  cm－１: 3080, 2956, 2912, 2877, 1664, 1460, 1415, 1240, 1076, 997, 847, 742; 
1H NMR (500 MHz, CDCl3) δ (ppm): 5.83 (ddd, J = 17.2, 10.3, 6.9 Hz, 1H), 5.18 (app 
d, J = 17.2 Hz, 1H), 5.05 (app d, J = 10.3 Hz, 1H), 4.21 (dd, J = 7.7 Hz, 1H), 3.65 (s, 
3H), 3.14 (s, 3H), 3.01 (app br s, 1H), 1.20 (d, J = 6.9 Hz, 3H), 0.95 (t, J = 8.0 Hz, 9H), 
0.61 (q, J = 8.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ (ppm): 175.7, 139.9, 115.2, 
76.9, 61.4, 42.6, 31.9, 14.4, 6.76 (3C), 4.88 (3C); HRMS-FAB (m/z): [M+H]+ calcd for 

























Preparation of Grignard reagent 95 
The reactant containing magnesium turnings (8.58 g, 353 mmol) was heated 
under reduced pressure for 5 min for 4 times and cooled to room temperature. To the 
mixture of magnesium turnings and THF (165 mL) was added 1,2-dibromoethane (1.01 
mL, 11.8 mmol) at 0 ˚C.  
To this solution was added a solution of 3-chloro-2-chloromethyl-1-propene2) 
(26.7 g, 118 mmol) in THF (70 mL) dropwise over 3.25 h at 0 ˚C. This resulting 
Grignard reagent 95 was used in the next reaction without further purification. 
 
  In another flask, to a stirred solution of 99 (16.9 g, 58.8 mmol) in THF (118 
mL) was added the freshly prepared Grignard reagent 95 in THF (235 mL) at 0 ˚C. 
After being stirred at 0 ˚C for 5 min, the reaction mixture was quenched with saturated 
aq. NH4Cl (350 mL) at 0 ˚C. The organic phase was separated and the aqueous phase 
was extracted with EtOAc (350 mL × 1). The combined organic phases were washed 
with brine (500 mL × 1), dried over sodium sulfate, filtered, and c concentrated in 
vacuo.  The residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 15/1) to afford 100 (24.5 g, 100%) as a colorless oil; Rf = 0.62 
(hexanes/EtOAc = 3/1); [α]25D –55.3˚ (c 1.00, CHCl3); IR (KBr) ν  cm－１: 3078, 2954, 
2937, 2910, 2875, 1712, 1612, 1514, 1458, 1419, 1302, 1248, 1173, 1076, 1038, 924, 
822, 744, 729; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.24 (d, J = 8.6 Hz, 2H), 6.87 (d, 
J = 8.6 Hz, 2H), 5.74 (ddd, J = 17.2, 10.3, 6.9 Hz, 1H), 5.22 (app s, 1H), 5.14 (app d, J 
= 17.2 Hz, 1H), 5.07 (app d, J = 10.3 Hz, 1H), 4.98 (app s, 1H), 4.40 (s, 2H), 4.22 (dd, J 
= 6.9, 6.6 Hz, 1H), 3.93 (s, 2H), 3.80 (s, 3H), 3.29 (d, J = 16.0 Hz, 1H), 3.25 (d, J = 
16.6 Hz, 1H), 2.80 (dq, J = 6.9, 6.6 Hz, 1H), 1.05 (d, J = 7.4 Hz, 3H), 0.94 (t, J = 8.0 Hz, 
9H), 0.59 (q, J = 8.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ (ppm): 210.0, 159.2, 
139.8, 138.7, 130.3, 129.3 (2C), 115.9, 115.8, 113.7 (2C), 75.7, 72.5, 71.8, 55.2, 52.3, 
48.1 12.9, 6.83 (3C), 4.92 (3C); HRMS-FAB (m/z): [M+Na]+ calcd for C24H38O4SiNa, 
441.2437, found, 441.2446. 












To a solution of 100 (1.00 g, 2.39 mmol) in THF (15.9 mL) was added 
DIBAL-H in DCM (1.00 M, 4.78 mL, 4.78 mmol) dropwise over 10 min at –78 ˚C. 
After being stirred at –78 ˚C for 1 h, the reaction mixture was quenched with EtOAc (15 
mL) and saturated aq. Rochelle salt (30 mL). The organic phase was separated and the 
aqueous phase was extracted with EtOAc (30 mL × 1). The combined organic phases 
were washed with brine (50 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 30/1) to afford 102 (891 mg, 89%) as a 
colorless oil; Rf = 0.49 (hexanes/EtOAc = 3/1); [α]25D +3.17˚ (c 1.00, CHCl3); IR 
(KBr) ν  cm－１: 3473, 3074, 2954, 2910, 2875, 1947, 1612, 1587, 1514, 1458, 1301, 
1248, 1173, 1080, 1038, 1005, 922, 822, 742, 727; 1H NMR (500 MHz, CDCl3) δ 
(ppm): 7.26 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.0 Hz, 2H), 5.88 (ddd, J = 17.3, 10.3, 7.5 
Hz, 1H), 5.17 (app d, J = 17.2 Hz, 1H), 5.13 (app s, 1H), 5.09 (app d, J = 11.5 Hz, 1H), 
5.03 (app s, 1H), 4.45 (d, J = 4.4 Hz, 1H), 4.42 (d, J = 11.5 Hz, 1H), 4.23 (dd, J = 6.6, 
4.9 Hz, 1H), 4.01 (m, 1H), 3.99 (d, J = 12.0 Hz, 1H), 3.93 (d, J = 12.0 Hz, 1H), 3.81 (s, 
3H), 2.91 (br s, 1H), 2.30 (dd, J = 14.0, 8.3 Hz, 1H), 2.22 (dd, J = 14.0, 4.9 Hz, 1H), 
1.55 (m, 1H), 0.94 (t, J = 8.0 Hz, 9H), 0.93 (m, 3H), 0.60 (q, J = 8.0 Hz, 6H); 13C NMR 
(125 MHz, CDCl3) δ (ppm): 159.2, 143.5, 140.1, 130.3, 129.3 (2C), 115.2, 114.9, 
113.8 (2C), 78.5, 73.0, 71.8, 71.5, 55.2, 43.7, 39.8, 7.23, 6.81 (3C), 5.07 (3C); 
















Rf = 0.51 (hexanes/EtOAc = 3/1); [α]25D –21.1˚ (c 1.00, CHCl3); IR (KBr) ν  cm－１: 
3469, 3074, 2954, 2910, 2875, 1645, 1612, 1587, 1514, 1462, 1302, 1248, 1173, 1082, 
1038, 1007, 918, 825, 742, 727; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.27 (d, J = 8.6 
Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.89 (ddd, J = 17.0, 10.3, 6.3 Hz, 1H), 5.21 (app d, J 
= 17.2 Hz, 1H), 5.16 (app d, J = 11.5 Hz, 1H), 5.16 (app s, 1H), 5.06 (app s, 1H), 4.46 
(d, J = 11.5 Hz, 1H), 4.41 (d, J = 11.5 Hz, 1H), 4.36 (m, 1H), 4.04 (d, J = 12.0 Hz, 1H), 
4.01 (d, J = 2.3 Hz, 1H), 3.97 (d, J = 12.6 Hz, 1H), 3.81 (s, 3H), 3.70 (m, 1H), 2.41 (app 
d, J = 13.2 Hz, 1H), 2.07 (dd, J = 14.0, 9.5 Hz, 1H), 1.71 (m, 1H), 0.94 (t, J = 8.0 Hz, 
9H), 0.82 (d, J = 6.9 Hz, 3H), 0.60 (q, J = 8.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 
(ppm): 159.2, 143.6, 138.2, 130.4, 129.4 (2C), 115.7, 115.0, 113.8 (2C), 77.2, 73.2, 71.8, 
71.6, 55.3, 44.1, 39.7, 12.2, 6.88 (3C), 4.85 (3C); HRMS-ESI (m/z): [M+Na]+ calcd for 








To the 101a (150 mg, 357µmol) was added TBAF in THF (1.0 M, 3.57 mL, 
3.57 mmol) at room temperature. After being stirred at room temperature for 5 min, the 
reaction was diluted with hexanes/EtOAc = 1/2 (v/v, 6 mL) and quenched with 




















NH4Cl (10 mL × 1) and brine (15 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo.  
In another flask, to a stirred solution of crude diol in DCM (3.57 mL) was 
added PPTS (44.9 mg, 179 µmol) and 2,2-dimethoxypropane (87.5 µL, 714 µmol) at 
room temperature. After being stirred at room temperature for 1.5 h, the reaction was 
diluted with EtOAc (6 mL) and quenched with saturated aq. NaHCO3 (10 mL). The 
organic phase was separated and the aqueous phase was extracted with EtOAc (10 mL × 
1). The combined organic phases were washed with brine (20 mL × 1), dried over 
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica 
gel flash column chromatography (silica gel, hexanes/EtOAc = 6/1) to afford 101a’ 
(114 mg, 92%) as a pale yellow oil; Rf = 0.66 (hexanes/EtOAc = 2/1); [α]25D +1.49˚ (c 
1.00, CHCl3); IR (KBr) ν  cm－１: 3076, 2989, 2939, 2904, 2856, 2837, 1651, 1612, 
1585, 1514, 1462, 1381, 1302, 1250, 1200, 1171, 1095, 1038, 1014, 916, 820, 754; 1H 
NMR (500 MHz, CDCl3) δ (ppm): 7.27 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 
5.77 (ddd, J = 17.2, 10.9, 5.2 Hz, 1H), 5.25 (ddd, J = 17.2, 1.7, 1.7 Hz, 1H), 5.22 (ddd, J 
= 10.9, 1.7, 1.7 Hz, 1H), 5.12 (app s, 1H), 5.02 (app s, 1H), 4.45 (d, J = 11.5 Hz, 1H), 
4.42 (d, J = 11.5 Hz, 1H), 4.42 (m ,1H), 4.11 (ddd, J = 7.7, 5.2, 2.3 Hz, 1H), 3.97 (d, J = 
12.6 Hz, 1H), 3.93 (d, J = 12.6 Hz, 1H), 3.81 (s, 3H), 2.29 (dd, J = 14.3, 8.0 Hz, 1H), 
2.16 (dd, J = 15.2, 5.2 Hz, 1H), 1.45 (m, 1H), 1.41 (s, 6H), 0.87 (d, J = 6.9 Hz, 3H); 13C 
NMR (125 MHz, CDCl3) δ (ppm): 159.2, 142.9, 137.5, 130.4, 129.4 (2C), 115.1, 
113.8 (3C), 99.0, 74.3, 73.0, 71.7, 71.5, 55.3, 36.8, 35.8, 30.0, 19.6, 5.31; HRMS-ESI 






















To the 101b (146 mg, 347µmol) was added TBAF in THF (1.0 M, 3.47 mL, 
3.47 mmol) at room temperature. After being stirred at room temperature for 5 min, the 
reaction was diluted with hexanes/EtOAc = 1/2 (v/v, 6 mL) and quenched with 
saturated aq. NH4Cl (10 mL). The reaction mixture was washed with saturated aq. 
NH4Cl (10 mL × 1) and brine (15 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo. 
In another flask, to a stirred solution of crude diol in DCM (3.47 mL) was 
added PPTS (43.6 mg, 174 µmol) and 2,2-dimethoxypropane (85.0 µL, 694 µmol) at 
room temperature. After being stirred at room temperature for 1.5 h, the reaction was 
diluted with EtOAc (6 mL) and quenched with saturated aq. NaHCO3 (10 mL). The 
organic phase was separated and the aqueous phase was extracted with EtOAc (10 mL × 
1). The combined organic phases were washed with brine (20 mL × 1), dried over 
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by prep. 
TLC (hexanes/EtOAc = 3/1) to afford 101b’ (109 mg, 90%) as a colorless oil; Rf = 0.66 
(hexanes/EtOAc = 2/1); [α]25D +3.22˚ (c 1.00, CHCl3); IR (KBr) ν  cm－１: 3076, 2985, 
2935, 2904, 1651, 1612, 1587, 1514, 1456, 1379, 1302, 1248, 1227, 1174, 1084, 1038, 
1009, 906, 820, 756; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.27 (d, J = 8.6 Hz, 2H), 
6.88 (d, J = 8.6 Hz, 2H), 5.79 (ddd, J = 17.2, 10.9, 6.3 Hz, 1H), 5.24 (ddd, J = 17.2, 1.7, 
1.7 Hz, 1H), 5.16 (ddd, J = 10.9, 1.7, 1.7 Hz, 1H), 5.12 (app s, 1H), 5.03 (app s, 1H), 
4.45 (d, J = 11.5 Hz, 1H), 4.41 (d, J = 11.5, 1H), 4.40 (m, 1H), 3.99 (d, J = 12.6 Hz, 
1H), 3.94 (d, J = 12.6 Hz, 1H), 3.81 (s, 3H), 3.46 (ddd, J = 8.6, 8.6, 2.9 Hz, 1H), 2.34 
(dd, J = 14.9, 2.9 Hz, 1H), 2.25 (dd, J = 14.9, 9.2 Hz, 1H), 1.74 (m, 1H), 1.34 (s, 3H), 
1.32 (s, 3H), 0.83 (d, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 159.2, 
143.4, 135.9, 130.5, 129.4 (2C), 115.6, 113.8 (2C), 113.3, 100.7, 73.4, 73.0, 71.7, 70.7, 
55.3, 40.6, 38.1, 25.3, 23.9, 12.7; HRMS-ESI (m/z): [M+Na]+ calcd for C21H30O4Na, 


















  To a stirred solution of 102 (14.4 g, 34.2 mmol) in DCM (342 mL) was added 
2,6-lutidine (12.0 mL, 103 mmol) dropwise over 50 min and TBSOTf (11.8 mL, 51.3 
mmol) dropwise over 50 min at –78 ˚C. After being stirred at –78 ˚C for 30 min, the 
reaction mixture was quenched with MeOH (20 mL), EtOAc (50 mL) and saturated aq. 
NH4Cl (30 mL). The organic phase was separated and the aqueous phase was extracted 
with CHCl3 (100 mL × 1). The combined organic phases were washed with saturated aq. 
NaHCO3 (300 mL × 1) and brine (300 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo.  The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 20/1) to afford 104 (18.3 g, 100%) as a 
colorless oil; Rf = 0.62 (hexanes/EtOAc = 5/1); [α]25D –5.41˚ (c 1.00, CHCl3); IR 
(KBr) ν  cm－１: 3074, 2954, 2935, 2910, 2877, 1856, 1649, 1614, 1585, 1514, 1462, 
1360, 1302, 1250, 1173, 1082, 1036, 1005, 922, 835, 775, 742, 727, 667; 1H NMR (500 
MHz, CDCl3) δ (ppm): 7.26 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.72 (ddd, J 
= 17.3, 10.3, 7.5 Hz, 1H), 5.12 (app d, J = 17.2 Hz, 1H), 5.06 (app d, J = 10.0 Hz, 1H), 
5.06 (app s, 1H), 4.92 (app s, 1H), 4.42 (d, J = 11.5 Hz, 1H), 4.39 (d, J = 11.5 Hz, 1H), 
4.02 (dd, J = 8.0, 8.0 Hz, 1H), 3.92 (ddd, J = 8.5, 5.7, 2.3 Hz, 1H), 3.88 (d, J = 12.6 Hz, 
1H), 3.82 (d, J = 12.6 Hz, 1H), 3.81 (s, 3H), 2.32 (dd, J = 14.0, 5.4 Hz, 1H), 2.27 (dd, J 
= 13.8, 9.2 Hz, 1H), 1.54 (m, 1H), 0.94 (t, J = 8.0 Hz, 9H), 0.92 (d, J = 6.3 Hz, 3H), 
0.88 (s, 9H), 0.58 (q, J = 8.0 Hz, 6H), 0.02 (s, 3H), 0.01 (s, 3H); 13C NMR (125 MHz, 
CDCl3) δ (ppm): 159.3, 143.2, 141.3, 130.5, 129.5 (2C), 115.5, 114.3, 113.8 (2C), 75.8, 
72.7, 71.9, 70.1, 55.3, 43.0, 39.3, 26.1 (3C), 18.2, 8.86, 7.01 (3C), 5.19 (3C), –3.51, 









OTBS DDQ, DCM/pH 7.2 buffer = 9/1











To a stirred heterogeneous solution of 104 (980 mg, 1.83 mmol) in DCM 
(16.5 mL) and phosphate buffer, solution in water, pH 7.2 (1.83 mL) was added DDQ 
(623 mg, 2.75 mmol) at 0 ˚C. After being stirred at 0 ˚C for 1 h and for additional 15 
min at room temperature, the reaction mixture was diluted with CHCl3 (10 mL) and 
quenched with saturated aq. NaHCO3 (30 mL). The organic phase was separated and the 
aqueous phase was extracted with CHCl3 (30 mL × 1). The combined organic phases 
were washed with brine (30 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 20/1) to afford 105 (680 mg, 90%) as a 
colorless oil; Rf = 0.55 (hexanes/EtOAc = 3/1); [α]25D –19.4˚ (c 1.00, CHCl3); IR 
(KBr) ν  cm－１: 3338, 3074, 2956, 2935, 2879, 2858, 1649, 1462, 1419, 1252, 1074, 
1032, 1005, 922, 835, 773, 741, 727, 669; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.77 
(ddd, J = 17.3, 10.3, 7.5 Hz, 1H), 5.12 (app d, J = 17.2 Hz, 1H), 5.09 (app s, 1H), 5.07 
(m, 1H), 4.89 (app s, 1H), 4.12 (dd, J = 6.6, 6.6 Hz, 1H), 4.02 (s, 2H), 3.91 (m, 1H), 
2.40 (dd, J = 14.0, 4.9 Hz, 1H), 2.31 (dd, J = 14.0, 7.2 Hz, 1H), 1.64 (m, 1H), 0.95 (t, J 
= 8.0 Hz, 9H), 0.90 (s, 9H), 0.90 (m, 3H), 0.59 (q, J = 8.0 Hz, 6H), 0.07 (s, 3H), 0.06 (s, 
3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 146.0, 141.2, 115.2, 113.3, 75.2, 71.2, 
66.1, 43.0, 39.6, 26.0 (3C), 18.2, 9.19, 6.98 (2C), 6.69, 5.93, 5.23 (2C), –3.70, –4.45; 






















To the 105 (18.8 g, 45.3 mmol) was added a solution of freshly prepared 12% 
HF•pyridine (453 mL) at 0 ˚C. After being stirred at 0 ˚C for 20 min, the reaction 
mixture was diluted with EtOAc (250 mL) and quenched with saturated aq. NH4Cl (400 
mL). The organic phase was separated and the aqueous phase was extracted with EtOAc 
(10mL × 1). The combined organic phases were washed with saturated aq.1N HCl (400 
mL) and brine (10 mL × 1), dried over sodium sulfate, filtered, and concentrated in 
vacuo. The residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 2/1) to afford 94 (11.4 g, 83%) as a white crystal; mp 51.2 ˚C; Rf = 
0.51 (hexanes/EtOAc = 1/1); [α]25D –34.5˚ (c 1.00, CHCl3); IR (KBr)  ν  cm－１: 3246, 
2954, 2925, 2902, 2854, 1651, 1471, 1387, 1360, 1321, 1257, 1122, 1072, 1039, 1005, 
918, 901, 866, 835, 802, 775, 667; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.82 (ddd, J 
= 17.3, 10.3, 5.2 Hz, 1H), 5.26 (ddd, J = 17.2, 1.7, 1.2 Hz, 1H), 5.14 (ddd, J = 10.3, 1.7, 
1.2 Hz, 1H), 5.11 (app s, 1H), 4.93 (app s, 1H), 4.30 (ddd, J = 6.7, 2.9, 1.7 Hz, 1H), 
4.07 (m, 1H), 4.06 (s, 2H), 2.42 (dd, J = 14.3, 5.2 Hz, 1H), 2.35 (dd, J = 14.0, 8.3 Hz, 
1H), 1.72 (m, 1H), 0.91 (s, 9H), 0.91 (m, 3H), 0.12 (s, 6H); 13C NMR (125 MHz, 
CDCl3) δ (ppm): 145.6, 140.1, 114.8, 113.3, 75.0, 74.6, 66.0, 40.9, 39.1, 26.0 (3C), 











To a solution of 94 (8.88 g, 29.5 mmol) in DCM (295 mL) was added Grubbs 
2nd generation catalyst (125 mg, 148 µmol) at room temperature. After being stirred at 
reflux for 20 min, the reaction was cooled to room temperature. The reaction mixture 











pressure to afford the crude product. The residue was recrystallized by a solution of 
CHCl3/hexanes to give the 90 (7.13 g, 89%) as a white crystal. Additionally, the filtrate 
was further purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 1/1) to afford 90 (820 mg, 10.2%) as a white crystal. Overall, the 
product was obtained in 99% yield; mp 110.8 ˚C; Rf = 0.55 (hexanes/EtOAc = 1/1); 
[α]25D –11.2˚ (c 1.00, CHCl3); IR (KBr)  ν  cm－１: 3271, 2954, 2927, 2889, 2858, 1682, 
1471, 1462, 1367, 1360, 1319, 1257, 1174, 1138, 1099, 1028, 1009, 899, 866, 835, 775, 
665; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.81 (br, 1H), 4.04 (br, 2H), 3.88 (dd, J = 
10.3, 4.6 Hz, 1H), 3.80 (br, 1H), 2.83 (d, J = 9.7 Hz, 1H), 2.24 (dd, J = 17.8, 3.7 Hz, 
1H), 2.08 (dd, J = 17.8, 4.6 Hz, 1H), 2.01 (m, 1H), 1.35 (br, 1H), 0.94 (d, J = 6.9 Hz, 
3H), 0.89 (s, 9H), 0.09 (s, 3H), 0.08 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 
136.0, 123.5, 71.7, 71.3, 66.2, 42.6, 33.0, 25.9 (3C), 18.1, 15.0, –4.45, –4.85; 






To a stirred solution of 90 (503 mg, 1.85 mmol) in DCM (18.5 mL) was 
added MnO2 (5.48 g, 55.5 mmol) at room temperature. After being stirred at room 
temperature for 40 min, the reaction mixture was filtered by Celite® and washed with 
CHCl3. The filtrate was concentrated in vacuo to afford crude 108 as a colorless oil, 
which was used in the next reaction without further purification. 
 To a stirred solution of crude 108 in THF (8.5 mL) was added DMAP (10.4 mg, 85 
µmol) and diketene (130 µL, 1.70 mmol) dropwise at 0 ˚C. After being stirred for 5 min 
at room temperature, the reaction mixture was quenched with saturated aq. NH4Cl (10 





















extracted with EtOAc (10 mL × 3). The combined organic phases were washed with 
brine (20 mL × 1), dried over sodium sulfate, filtered, and c concentrated in vacuo. The 
residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 10/1) to afford 92 (498 mg, 83%) as a pale yellow oil; Rf = 0.65 
(hexanes/EtOAc = 1/1) [α]D24 +9.53˚ (c 1.00, CHCl3). IR (KBr) ν  cm－１: 2958, 2931, 
2857, 1745, 1722, 1693, 1259, 1232, 1149, 1097, 838; 1H NMR (500 MHz, CDCl3) 
δ (ppm): 9.50 (s, 1H), 6.53 (s, 1H), 5.35 (d, J = 9.7 Hz, 1H), 3.63-3.49 (complex m, 3H), 
2.66 (dd, J = 17.2 Hz, 5.2, 1H), 2.28 (s, 3H), 2.07 (ddd, J = 17.8, 9.2, 2.9 Hz, 1H), 
1.99-1.97 (m, 1H), 1.06 (d, J = 6.9 Hz, 3H), 0.90 (s, 9H), 0.07 (d, J = 7.5 Hz, 6H); 13C 
NMR (125 MHz, CDCl3): δ  (ppm):  200.1, 193.1, 167.0, 144.9, 140.6, 75.5, 70.5, 50.1, 
41.8, 31.2, 30.4, 25.8 (3C), 18.1, 14.5, –4.1, –4.8. HRMS-ESI (m/z): [M+Na]+ calcd for 












To a stirred solution of 92 (390 mg, 1.10 mmol) in toluene (11.0 mL) was 
added K2CO3 (152 mg, 1.10 mmol) at room temperature. The reaction mixture was 
heated to reflux and stirred for 2 h. The reaction was cooled to room temperature and 
quenched with saturated aq. NH4Cl (100 mL). The organic phase was separated, and the 
aqueous phase was extracted with EtOAc (100 mL × 3). The combined organic phases 
were washed with brine (200 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 1/1) to afford 72 (234 mg, 60%) as a 

















CHCl3); IR (KBr) ν  cm－１: 3424, 2956, 2929, 2857, 1724, 1683, 1465, 1359, 1257, 
1145, 1108, 1087, 1043, 1006, 966, 842; 1H NMR (500 MHz, CDCl3): δ  (ppm):  4.33 
(t, J = 8.0 Hz, 1H), 4.14 (s, 1H), 3.34 (br s, 1H) 3.19 (dt, J = 10.6, 2.9 Hz, 1H), 2.56 (dt, 
J = 19.5, 3.4, Hz, 1H), 2.32 (d, J = 19.5 Hz, 1H), 2.22-2.13 (m, 1H), 1.62 (dt, J = 12.6, 
3.4, Hz, 1H), 1.44-1.34 (m, 2H), 1.11 (d, J = 6.3 Hz, 3H), 1.03 (q, J = 12.0 Hz, 1H), 
0.87 (s, 9H), 0.05 (s, 6H). 13C NMR (125 MHz, CDCl3) δ  (ppm);  172.7, 161.3, 95.3, 
85.7, 71.6, 69.6, 44.2, 35.9, 33.6, 33.4, 32.8, 25.7 (3C), 17.9, 15.4, –4.3, –4.8; 
HRMS-ESI (m/z): [M+Na]+ calcd for C18H30O5SiNa, 377.1755; found, 377.1760. 
 












To a solution of 72 (1.09 g, 3.07 mmol) in DCM (30.7 mL) was added 
triethylamine (1.28 mL, 9.21 mmol) and triflic anhydride (971 µL, 6.14 mmol) at –78 
˚C. After stirring for 15 min, the reaction mixture was quenched with saturated aq. 
NH4Cl (30 mL), and extracted with CHCl3 (30 mL × 3). The combined organic phases 
were washed with brine (30 mL × 1), dried over sodium sulfate, filtered, and 
concentrated in vacuo to afford 111 as amorphous, which was used in the next reaction 
without further purification.  
To a solution of crude 111 and stannane 112 (2.87 g, 6.14 mmol) in DMF 
(30.7 mL) were added Pd(PPh3)4 (355 mg, 0.30 mmol) and LiCl (781 mg, 9.21 mmol) at 
room temperature. The reaction mixture was warmed to 80 ˚C. After stirring for 1 h, the 
reaction mixture was cooled to room temperature, diluted with EtOAc (30 mL). The 































product was purified by silica gel flash column chromatography (hexanes/EtOAc = 3/4) 
to afford 113 (1.44 g, 92%) as a white amorphous; Rf = 0.45 (hexanes/EtOAc = 1/1); 
[α]24D –3.07˚ (c 1.00, CHCl3); IR (KBr) ν  cm－１: 3420, 2931, 2854, 1743, 1612, 1511, 
1457, 1357, 1303, 1249, 1172, 1087, 1033, 979, 833, 748; 1H NMR (500 MHz, CDCl3) 
δ  (ppm):  7.67 (d, J = 16.4 Hz, 1H), 7.28 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 
6.09 (dddd, J = 16.4, 6.3, 6.3, 1.5 Hz, 1H), 4.46 (s, 2H), 4.22 (dd, J = 8.0, 8.0 Hz, 1H), 
4.13 (app d, 2H), 4.11 (br, 1H), 3.80 (s, 3H), 3.34 (br, 1H), 3.20 (dt, J = 10.4, 3.4, Hz, 
1H), 2.59 (app dd, J = 37.5, 18.9 Hz, 2H), 2.20 (m, 1H), 1.65 (ddd, J = 12.6, 4.3, 4.0 Hz, 
1H), 1.56 (app s, 1H), 1.31 (m, 1H), 1.15 (d, J = 6.3 Hz, 3H), 0.97 (m, 1H), 0.89 (s, 9H), 
0.10 (s, 6H ); 13C NMR (125 MHz, CDCl3) δ  (ppm): 169.4, 159.3, 140.4, 131.3, 130.1, 
129.68 (2C), 127.2, 121.1, 113.9 (2C), 82.5, 72.3, 71.9, 70.5, 67.6, 55.3, 44.9, 36.2, 
35.3, 34.1, 30.9, 25.8 (3C), 18.0, 15.2, –4.1, –4.6; HRMS-ESI (m/z): [M+Na]+ calcd for 




BOM ether 114 
 
 
To a solution of 113 (4.55 g, 8.84 mmol) in DCM (44.2 mL) was added 
DIPEA (61.9 mL, 0.35 mol), DMAP (1.08 g, 8.84 mmol) and BOMCl (24.5 mL, 0.17 
mol) at 0 ˚C. The reaction mixture was warmed to room temperature and stirred for 3 h. 
The reaction mixture was quenched with aq. 1N HCl (100 mL) solution and extracted 
with CHCl3 (100 mL × 3). The combined organic phases were washed with brine (100 
mL × 1), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude 
product was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 10/1) to afford 114 (5.14 g, 91%) as a amorphous; Rf = 0.75 















DCM, 0 ˚C to r.t.
 91%
 162 
2190, 1743, 1612, 1511, 1465, 1303, 1249, 1180, 1079, 1033, 979, 840, 771; 1H NMR 
(500 MHz, CDCl3) δ  (ppm): 7.67 (d, J = 16.4 Hz, 1H), 7.36-7.26 (m, 7H), 6.88 (d, J = 
8.5 Hz, 2H), 6.09 (dddd, J = 16.4, 6.3, 6.3, 1.5 Hz, 1H), 4.83 (d, J = 7.4 Hz, 1H ), 4.82 
(d, J = 7.4 Hz, 1H), 4.62 (d, J = 12.0 Hz, 1H), 4.57 (d, J = 12.7 Hz, 1H), 4.44 (s, 2H), 
4.17 (dd, J = 8.0 Hz, 1H), 4.12 (d, J = 6.3 Hz, 2H), 3.99 (app s, 1H), 3.80 (s, 3H), 3.27 
(app s, 1H), 3.20 (dt, J = 10.4, 3.4 Hz, 1H), 2.65 (app d, J = 19.4 Hz, 1H), 2.47 (ddd, J = 
19.4, 4.3, 4.0 Hz, 1H), 2.20 (m, 1H), 1.57 (m, 2H), 1.10 (d, J = 6.9 Hz, 3H), 0.96 (s, 1H), 
0.89 (s, 9H), 0.05 (s, 6H); 13C NMR (125 MHz, CDCl3) δ  (ppm):  169.4, 159.3, 140.5, 
137.8, 131.3, 130.1, 129.6 (2C), 128.6 (2C), 127.7 (2C), 127.2, 121.1, 113.9 (2C), 93.3, 
82.5, 73.0, 72.3, 71.9, 70.4, 70.2, 55.3, 44.8, 36.7, 34.0, 33.0, 28.3, 25.8 (3C), 18.0, 15.2, 

















 To a stirred solution of 114 (298 mg, 0.47 mmol) in THF (4.68 mL) was added 
LiAlH4 (71 mg, 1.87 mmol) at 0˚C. After stirring for 0.5 h, the suspension was diluted 
with EtOAc (5 mL) and added saturated aq. Rochelle salt (10 mL). After stirring for 1.5 
h, the mixture was extracted with EtOAc (10 mL × 3). The combined organic phases 
were washed with brine (10 mL × 1), dried over sodium sulfate, filtered, and 



























without further purification; Rf = 0.3 (hexanes/EtOAc = 1/1). 
To a solution of 117 (240 mg) in DCM (4.69 mL) was added pyridine (69.0 
µL, 0.56 mmol) and PivCl (0.12 mL, 1.40 mmol) at 0˚C. After stirring for 3 h, the 
reaction mixture was quenched with saturated aq. NH4Cl (4.0 mL) and extracted with 
CHCl3 (4 mL × 3). The combined organic phases were washed with brine (12 mL × 1), 
dried over sodium sulfate, filtered, and concentrated in vacuo. The crude product was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1) 
to afford 119 (211 mg, 0.29 mmol, 62%) as a yellow amorphous; [α]24D +5.62˚ (c 0.50, 
CHCl3); Rf  = 0.75 (hexanes/EtOAc = 1/1); IR (KBr) ν  cm－１: 2931, 2854, 1720, 1612, 
1511, 1457, 1365, 1249, 1157, 1103, 1033, 964, 840, 771; 1H NMR (500 MHz, CDCl3) 
δ  (ppm):  7.35-7.23 (m, 5H), 7.26 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.75 
(dddd, J = 16.0, 6.3, 6.0, 5.7 Hz, 1H), 4.96 (d, J = 12.6 Hz, 1H), 4.92 (d, J = 6.9 Hz, 
1H), 4.89 (d, J = 6.9 Hz, 1H), 4.76 (m, 2H), 4.42 (app s, 2H), 4.19 (br, 1H), 4.03 (dd, J 
= 5.7 Hz, 2H), 4.12 (app s, 1H), 3.80 (s, 3H), 3.74 (br, 1H), 2.90 (br, 1H), 2.77 (br, 1H), 
2.23-2.06 (m, 2H), 2.20 (m, 1H), 1.93 (m, 1H) 1.57 (m, 1H), 1.18 (s, 9H), 0.99 (d, J = 
7.5 Hz, 3H), 0.90 (s, 9H), 0.10 (s, 3H), 0.08 (s, 3H); 13C NMR (125 MHz, CDCl3) 
δ (ppm): 178.5, 159.2, 138.1, 133.4, 130.7, 130.5 129.8, 129.5 (2C), 128.6 (2C), 127.2 
(2C), 127.7, 126.7, 113.9 (2C), 95.2, 77.1, 73.9, 73.6, 71.8, 70.9, 69.5, 61.4, 55.3, 41.5, 
39.3, 38.9, 36.3, 33.8, 27.3 (4C), 26.1 (3C), 18.2, 15.8, –4.29, –5.10; HRMS-ESI (m/z): 




MEM ether 120 
 
To a solution of 119 (57 mg, 78.9 µmol) in DCM (780 µL) was added DIPEA 
(540 µL, 3.2 mmol) and MEMCl (170 µL, 1.58 mmol) at 0 ˚C. The reaction mixture 
MEMCl, DIPEA
















was warmed to room temperature. After stirring for 36 h, the reaction mixture was 
quenched with aq. 1 N HCl (1.5 mL) solution, and extracted with CHCl3 (1.5 mL × 3). 
The combined organic phases were washed with brine (5 mL × 1), dried over sodium 
sulfate, and concentrated in vacuo. The crude product was purified by silica gel flash 
column chromatography (silica gel, hexanes/EtOAc = 9/1) to afford 120 (69 mg, 85%) 
as a yellow amorphous; Rf = 0.55 (hexanes/EtOAc = 2/1); [α]24D +11.5˚ (c 0.50, 
CHCl3); IR (KBr) ν  cm－１: 2931, 2861, 1720, 1612, 1512, 1457, 1365, 1249, 1149, 
1033, 833, 771; 1H NMR (500 MHz, CDCl3) δ  (ppm):  7.35-7.23 (m, 7H), 6.87 (d, J = 
8.6 Hz, 2H), 6.68 (d, J = 15.4 Hz, 1H), 5.81 (ddd, J = 15.4, 6.3 Hz, 1H), 5.05 (d, J = 
11.4 Hz, 1H), 4.82 (s, 1H), 4.82 (m, 3H), 4.65-4.56 (m, 2H), 4.43 (s, 2H), 3.95 (br, 1H), 
3.80 (s, 3H), 3.62 (br s, 1H), 3.52 (br s, 1H), 3.38 (s, 3H), 3.26 (br s, 1H), 1.89 (br s, 
1H), 1.75 (m, 1H) 1.56 (m, 1H), 1.17 (s, 9H), 1.16 (m, 1H), 0.90 (s, 9H), 1.00 (d, J = 
6.3 Hz, 1H), 0.87 (s, 9H), 0.04 (s, 3H), 0.04 (s, 3H); 13C NMR (125 MHz, CDCl3) 
δ (ppm): 178.5, 159.3, 138.0, 134.1, 130.6, 130.5, 130.4, 129.5 (2C), 128.5 (2C), 128.0 
(2C), 127.8, 126.7, 113.9 (2C), 93.9, 93.2, 80.6, 77.6, 74.7, 72.0, 71.8, 71.0, 69.7, 67.3, 
61.2, 59.1, 55.3, 42.9, 38.9, 35.9, 34.5, 29.4, 27.3 (3C), 25.9 (3C), 18.1, 15.0, –3.85, 











To a solution of 120 (31 mg, 38 µmol) in TBAF (1.0 M in THF, 380 µL, 380 
µmol) was refluxed. After stirring 2 h, the reaction mixture was cooled to room 
temperature and quenched with saturated aq. NH4Cl (400 µL), and extracted with 
EtOAc (400 µL × 3). The combined organic phases were washed with brine (1.2 mL × 
1), dried over sodium sulfate, concentrated in vacuo. The crude product was purified by 
















(26 mg, 98%) as a colorless amorphous; Rf = 0.22 (hexanes/EtOAc = 1/1); [α]24D 
+32.4˚ (c 0.50, CHCl3); IR (KBr) ν  cm－１: 3485, 2931, 2884, 1720, 1612, 1511, 1457, 
1365, 1249, 1149, 1033, 817, 748; 1H NMR (500 MHz, CDCl3) δ  (ppm): 7.38-7.26 
(m, 7H), 6.87 (d, J = 8.6 Hz, 2H), 6.66 (d, J = 16.4 Hz, 1H), 5.78 (dddd, J = 16.4, 6.3, 
6.0, 5.7 Hz, 1H), 4.97-4.91 (m, 3H), 4.78-4.62 (m, 4H), 4.44 (s, 2H), 4.40 (m, 1H), 4.05 
(d, J = 5.7 Hz, 2H), 3.84 (br s, 1H), 3.79 (s, 3H), 3.59-3.46 (m, 3H), 3.46 (br s, 1H), 
3.35 (m, 4H), 2.78 (br, 2H), 2.37 (br, 1H), 2.17 (br, 1H), 1.91 (ddd, J = 15.4, 5.7, 5.2 Hz, 
1H), 1.73 (br, 1H), 1.58 (br, 1H), 1.17 (m, 1H), 1.18 (s, 9H), 1.02 (d, J = 6.30 Hz, 3H); 
13C NMR (125 MHz, CDCl3) δ  (ppm):  178.4, 159.3, 138.0, 133.8, 130.3, 130.2, 129.5 
(2C), 128.5 (2C), 128.0 (2C), 127.7, 126.9, 113.9 (2C), 93.9 (2C), 79.3, 77.1, 75.3, 72.0, 
71.7, 70.8, 69.7, 67.7, 61.0, 59.1, 55.3, 39.0 (2C), 37.7, 36.9, 34.9, 27.3 (4C), 27.1 16.6; 












To a solution of 121 (65 mg 93.3 µmol) in DCM (1.68 mL) and phosphate 
buffer, solution in water, pH 7.2 (186 µL) was added DDQ (105 mg, 467 µmol) at 0 ˚C. 
The reaction mixture was warmed to room temperature. After stirring for 2 h, the 
reaction mixture was diluted with CHCl3 (1.0 mL) and added saturated aq. NaHCO3 (2.5 
mL), extracted with CHCl3 (2.5 mL × 3). The combined organic phases were washed 
with brine (10 mL × 1), dried over sodium sulfate, and concentrated in vacuo. The crude 
product was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 1/1) to afford 122 (51 mg, 95%) as a colorless oil; Rf = 0.21 
(hexanes/EtOAc = 1/1); [α]24D +49.7˚ (c 0.50, CHCl3); IR(KBr) ν  cm－１: 3485, 2931, 


















MHz, CDCl3) δ  (ppm):  9.61 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 15.4 Hz, 1H), 7.37-7.29 
(m, 5H), 6.14 (dd, J = 15.7, 8.0 Hz, 1H ), 5.12 (app d, 2H), 5.00 (dr, 1H ), 4.90 (app d, 
1H), 4.8-4.6 (m, 4H), 4.44 (br s, 1H), 3.87-3.40 (m, 5H), 3.36 (m, 3H), 2.95 (br s, 1H), 
2.82 (br s, 1H), 2.34 (br s, 1H), 2.20 (br s, 1H), 1.93 (ddd, J = 15.4, 5.2 Hz, 1H), 1.74 
(m, 1H), 1.57 (br, 2H), 1.16 (s, 9H), 1.15 (m, 1H), 1.04 (d, J = 7.5 Hz); 13C NMR (125 
MHz, CDCl3) δ  (ppm):  194.1, 178.4, 148.6, 141.2, 137.8, 133.1, 129.0, 128.6 (2C), 
128.0 (2C), 127.9, 94.8 (2C), 79.6, 79.1, 74.5, 71.6, 69.8, 67.9, 60.5, 59.1, 39.4 (3C), 
36.4, 34.4, 27.2 (4C), 27.1, 16.4; HRMS-ESI (m/z): [M+Na]+ calcd for C32H46O9Na, 











 To a solution of 122 (51 mg, 88.8 µmol) in DCM (2.96 mL) was added 
2,6-lutidine (44 µL, 444 µmol) and TIPSOTf (72 µL, 266 µmol) at room temperature. 
After stirring for 5 min, the reaction mixture was cooled to 0 ˚C and added MeOH (300 
µL), saturated aq. NH4Cl (3.0 mL) and extracted with DCM (3 mL × 3). The combined 
organic phases were washed with brine (10 mL × 1), dried over sodium sulfate, and 
concentrated in vacuo. The crude product was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 123 (64 mg, 98%) as a 
yellow oil; Rf = 0.77 (hexanes/EtOAc = 2/1); [α]24D –14.6˚ (c 0.25, MeOH); IR (KBr) 
ν  cm－１: 2946, 2869, 2360, 1727, 1673, 1612, 1457, 1365, 1288, 1164, 1103, 1033, 925, 
879, 802, 740, 686; 1H NMR (500 MHz, CD2Cl2) δ  (ppm):  7.34-7.32 (m, 4H), 
7.29-7.27 (m, 1H), 6.61 (d, J = 11.4 Hz, 1H), 5.93 (dd, J = 11.4, 11.4 Hz, 1H), 5.79 (d, J 
= 11.4 Hz, 1H), 4.81-4.73 (m, 3H), 4.62-4.60 (m, 3H), 4.33 (s, 2H), 3.80-3.76 (m, 2H), 
3.62 (m, 1H), 3.57 (m, 1H), 3.51 (dd, J = 5.2, 4.9, 4.6 Hz, 1H), 3.32 (s, 3H), 3.30 (m, 




















9H), 1.00 (d, J = 7.5, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 177.9, 147.0, 138.7, 
132.0, 128.7 (2C), 128.1 (2C), 127.8, 122.0, 109.7, 93.9, 93.2, 81.8, 76.2, 75.7, 72.1, 
71.7, 69.8, 67.3, 66.7, 59.0, 40.2, 38.9, 35.0, 34.2, 27.4 (3C), 25.8, 25.4, 17.9 (6C), 17.8, 












To a solution of 123a (21 mg, 28.7 µmol) in THF (956 µL) was added TASF 
(17 mg, 57.4 µmol) at 0 ˚C. After stirring for 5 min at 0 ˚C, the reaction mixture was 
quenched with saturated aq. NH4Cl (200 µL) and extracted with EtOAc (200 µL × 3). 
The combined organic phases were washed with brine (1 mL × 1), dried over sodium 
sulfate, and concentrated in vacuo. The crude product was purified by prep. TLC  
(hexanes/EtOAc = 2/1) to afford 125a (3.4 mg, 21%) as a colorless oil; Rf = 0.77 
(hexanes/EtOAc = 1/2); IR (KBr) ν  cm－１: 2946, 2884, 2823, 1727, 1689, 1457, 1373, 
1288, 1157, 1103, 1033, 979, 740, 701; 1H NMR (500 MHz, CD2Cl2) δ  (ppm):  {9.41 
[d, J = 8.02 Hz, 0.5H (diastereomer)], 9.37 [d, J = 8.02 Hz, 1H]}, 7.27-7.18 (m, 5H), 
{7.09 [dd, J = 15.4, 10.8 Hz, 0.5H (diastereomer)], 6.68 [dd, J = 15.4, 9.74 Hz, 1H]}, 
{6.00 [dd, J = 15.4, 8.02 Hz, 0.5H (diastereomer)], 5.93 [d, J = 15.4, 8.02, Hz, 1H]}, 
4.74-4.63 (m, 3H), 4.58-4.46 (m, 3H), 4.35 (d, J =10.8 Hz, 1H), 3.76-3.66 (m, 2H), 
3.62-3.55 (m, 2H), 3.48-3.43 (m, 2H), 3.32-3.25 (m, 4H), 3.19 (app d, 1H), {2.89 [dd, J 
= 10.8, 5.73 Hz, 0.5H (diastereomer)], 2.74 [m, 1H]}, 2.34 (m, 1H), 2.22-2.14 (m, 2H), 
2.07-1.94 (m, 3H); 13C NMR (125 MHz, CDCl3) δ  (ppm):  [194.5 (diastereomer), 
194.2], [178.5 (diastereomer), 117.7], [160.1 (diastereomer), 157.8], 137.8, [134.4, 
133.7 (diastereomer)], 128.9 (2C), 128.2 (2C), 128.0, [95.1 (diastereomer), 93.2], [93.0 



















[75.1 (diastereomer), 74.0] [72.0 (diastereomer), 71.5], [69.9 (diastereomer), 69.8], 
[67.6 (diastereomer), 67.3], 66.9, 59.4, [43.8 (diastereomer), 41.7], [40.8, 39.8 
(diastereomer)], [39.0 (diastereomer), 38.7], [34.3 (diastereomer), 34.5], [31.4, 30.9 
(diastereomer)], 27.3(4C), [25.4, 25.0 (diastereomer)], [17.4, 17.3 (diastereomer)]. 











 To a solution of 123b (500 mg, 0.726 mmol) and BHT (350 mg, 1.59 mmol) in 
THF (24.2 ml) was added TASF (440 mg, 1.59 mmol) in THF (24.2 ml) dropwise at 0 
˚C. After stirring for 30 min, the reaction mixture was quenched with saturated aq. 
NH4Cl (24.2 ml), and extracted with Et2O (30 ml × 2). The combined organic phases 
were washed with brine (50 mL × 1), dried over sodium sulfate, concentrated in vacuo 
to afford the crude 125b as a yellow oil, which was used in next reaction without further 






























d.r. = 9 : 1
125b
1) NaClO2, NaH2PO4•2H2O
    2-Methyl-2-butene
    i-PrOH, H2O, r.t.
2) TMSCHN2
     Benzene / MeOH















and 2-Methyl-butene (1.53 ml, 14.5 mmol) was added NaClO2 (2.62 g, 29.4 mmoL) in 
H2O (24.2 ml) and NaH2PO4•2H2O (6.79 g, 43.5 mmol) in H2O (24.2 ml) at 0 ˚C. After 
stirring for 30 min, the reaction mixture was diluted with Et2O (50 mL) and extracted 
with Et2O (50 mL × 3). The combined organic phases were washed with brine (100 mL 
× 1), dried over sodium sulfate, concentrated in vacuo to afford the crude product as a 
yellow oil, which was used in next reaction without further purification; Rf = 0.1 
(hexanes/EtOAc = 1/2).  
 To a stirred solution of crude product in Benzene (21.7 mL) and MeOH (2.42 mL) 
was added TMSCHN2 (871 µL, 2.0 M in Et2O) at 0 ˚C. After stirring for 30 min, the 
reaction mixture was quenched with AcOH (100 µL) and concentrated in vacuo to 
afford the crude 128 as a yellow oil, which was used in next reaction without further 













 To a stirred solution of crude 128 (1.0 g, 0.726 mmoL) in EtOH (7.2 mL) was 
added Raney Ni (100 mg) in H2O (7.2 mL) at room temperature. The reaction mixture 
was refluxed. After stirring for 1.5 h, the reaction mixture was diluted with Acetone. 
After stirring for 30 min, the reaction mixture was concentrated in vacuo. The crude 
residue was diluted H2O (5 mL) and extracted with EtOAc (6 ml × 3). The combined 
organic phases were washed with brine (25 mL × 1), dried over sodium sulfate, 
concentrated in vacuo to afford the crude product as a brown oil, which was used in 
next reaction without further purification; Rf = 0.2 (hexanes/EtOAc = 0/1). 






OMe 1) Raney Ni         EtOH, reflux
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mL, 7.4 mmol), and McCl (332 µL, 3.7 mmol) at 0 °C. The solution mixture was stirred 
for 5 min at 0 °C, added DBU (1.1 mL 7.4 mmol) and warmed to 110 °C. After stirring 
at this temperature for 1.5 h, the reaction mixture was diluted with CHCl3 (10 mL) and 
quenched with 1 M HCl aq. solution (15 mL). Resulted two layers were separated and 
the aqueous phase was extracted with CHCl3 (10 mL × 1). The combined organic layers 
were washed with brine (20 mL × 1), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1) 
to afford 129 (299 mg, 48%) as a yellow oil; Rf = 0.65 (hexanes/EtOAc = 2/3); [α]22D 
+37.4˚ (c 0.10, CHCl3); IR (neat) νmax (cm-1): 2970, 2935, 2858, 1732, 1612, 1512, 
1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; 1H NMR (500 MHz, CD2Cl2) δ 
(ppm): 7.25 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t, J = 5.2 Hz, 1H), 4.99 
(d, J = 10.3 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.26 (dd, J = 
12.3, 6.6 Hz, 1H), 3.94 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 3H), 3.52 (dd, J 
= 9.7, 6.9 Hz, 1H), 3.46 (dd, J = 9.5, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51 (ddd, J = 14.8, 6.9, 
2.3 Hz, 1H), 2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H), 1.92-1.75 (complex m, 
3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); 13C NMR (125 MHz, CD2Cl2) δ 
(ppm): 173.3, 159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 
72.6, 70.0, 66.3, 55.4, 37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; HRMS-ESI (m/z): 
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    2,6-Lutidine
    DCM, –78 ˚C
    quant. (2 steps)
129 130
 171 
(46.8 mg, 1.17 mmol) at 0 ˚C. After stirring for 4 h, the reaction mixture was quenched 
with AcOH (100 µL). The reaction mixture was washed with saturated aq. NaHCO3 and 
extracted with DCM (7 mL × 3). The combined organic phases were washed with brine 
(20 mL × 1), dried over sodium sulfate, concentrated in vacuo to afford the crude 
product as a colorless amorphous; which was used in next reaction without further 
purification; Rf = 0.2 (hexanes/EtOAc = 1/1). 
To a stirred solution of crude product in DCM (2.34 mL) was added 
2,6-lutidine (60.0 µL, 514 mmol) and TBSOTf (65.1 µL, 280 µmol) dropwise over 50 
min at –78 ˚C. After being stirred at –78 ˚C for 30 min, the reaction mixture was 
quenched with MeOH (1.0 mL) and saturated aq. NH4Cl (2.0 mL). The organic phase 
was separated and the aqueous phase was extracted with CHCl3 (4 mL × 1). The 
combined organic phases were washed with brine (5 mL × 1), dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to afford the crude product. The 
residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 20/1) to afford 130 (117 mg, 100%) as a colorless oil; Rf = 0.65 
(hexanes/EtOAc = 2/3); [α]22D +34.0° (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2939, 
2885, 1736, 1442, 1373, 1242, 1165, 1111, 1018, 918, 887, 849, 756, 710, 663, 609, 
509, 462; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.98 (ddd, J = 9.6, 6.9, 2.3 Hz, 1H), 
5.47 (dd, J = 10.3, 2.3 Hz,1H), 4.79 (d, J = 6.9 Hz, 1H), 4.59 (d, J = 6.9 Hz, 1H), 3.98 
(d, J = 10.9 Hz, 1H), 3.85 (m, 1H), 3.63 (m, 4H), 3.57 (m, 3H), 3.51 (br d, 1H), 3.40 (m, 
4H), 2.53 (m, 2H), 2.42 (br d, 1H), 2.10 (m, 1H), 2.05 (m, 1H), 1.92 (m, 1H) 1.78 (dd, J 
= 13.5, 11.7 Hz, 1H), 1.65 (m, 1H), 1.41 (app d, 1H), 1.39 (m, 1H), 0.99 (d, J = 6.9 Hz, 
3H), 0.98 (m, 6H) 0.99 (m, 9H); 13C NMR (125 MHz, CDCl3) δ (ppm): 173.3, 159.2, 
140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 72.6, 70.0, 66.3, 55.4, 
37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]+ calcd for 




α-Hydroxy ester 131 
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To a solution of diisopropylamine (102 µL, 720 µmol) in THF (2.4 mL) was 
added dropwise n-BuLi (450 µL, 720 µmol, 1.6 M in Hexans) at –78 ˚C. The reaction 
mixture was warmed to 0 ˚C. After stirring for 30 min at 0 ˚C, the reaction mixture was 
cooled to –78 ˚C and added dropwise 130 (120 mg, 240 µmol) in THF. After stirring for 
30 min, the reaction mixture was added MoO5•py•HMPA (255 mg, 720 µmol) in THF 
(2.4 mL). After stirring for 30 min, the reaction mixture was quenched with saturated aq. 
Na2SO3 (2.4 mL) and extracted with AcOEt (3 mL × 3). The combined organic phases 
were washed with brine (10 mL × 1), dried over sodium sulfate, concentrated in vacuo 
to afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 131 (84 mg, 68%) as a 
colorless oil; Rf = 0.62 (hexanes/EtOAc = 5/1); IR (KBr) ν  cm－１: 3074, 2954, 2935, 
2910, 2877, 1856; 1H NMR (500 MHz, CD2Cl2) δ  (ppm):  {9.41 [d, J = 8.02 Hz, 0.5H 
(diastereomer)], 9.37 [d, J = 8.02 Hz, 1H]}, 7.27-7.18 (m, 5H), {7.09 [dd, J = 15.4, 10.8 
Hz, 0.5H (diastereomer)], 6.68 [dd, J = 15.4, 9.74 Hz, 1H]}, {6.00 [dd, J = 15.4, 8.02 
Hz, 0.5H (diastereomer)], 5.93 [d, J = 15.4, 8.02, Hz, 1H]}, 4.74-4.63 (m, 3H), 
4.58-4.46 (m, 3H), 4.35 (d, J =10.8 Hz, 1H), 3.76-3.66 (m, 2H), 3.62-3.55 (m, 2H), 
3.48-3.43 (m, 2H), 3.32-3.25 (m, 4H), 3.19 (app d, 1H), {2.89 [dd, J = 10.8, 5.73 Hz, 
0.5H (diastereomer)], 2.74 [m, 1H]}, 2.34 (m, 1H), 2.22-2.14 (m, 2H), 2.07-1.94 (m, 
3H); 13C NMR (125 MHz, CDCl3) δ  (ppm):  [194.5 (diastereomer), 194.2], [178.5 
(diastereomer), 117.7], [160.1 (diastereomer), 157.8], 137.8, [134.4, 133.7 
(diastereomer)], 128.9 (2C), 128.2 (2C), 128.0, [95.1 (diastereomer), 93.2], [93.0 
(diastereomer), 92.7], [83.1 (diastereomer), 80.9], 77.16, [75.3 (diastereomer), 74.7], 
[75.1 (diastereomer), 74.0] [72.0 (diastereomer), 71.5], [69.9 (diastereomer), 69.8], 
[67.6 (diastereomer), 67.3], 66.9, 59.4, [43.8 (diastereomer), 41.7], [40.8, 39.8 
(diastereomer)], [39.0 (diastereomer), 38.7], [34.3 (diastereomer), 34.5], [31.4, 30.9 
(diastereomer)], 27.3(4C), [25.4, 25.0 (diastereomer)], [17.4, 17.3 (diastereomer)]. 


















To a suspension of 131 (100 mg, 194 µmol) and activated 4 MS (300 mg) in 
DCM (3.88 mL) was added Proton-sponge (166 mg, 776 µmol) and Me3O+BF4– (57 mg, 
388 µmol) at 0 ˚C. After stirring for 2 h, the reaction mixture was quenched with 
saturated aq. NH4Cl (4 mL) and extracted with DCM (4 mL × 3). The combined organic 
phases were washed with brine (12 mL × 1), dried over sodium sulfate, concentrated in 
vacuo to afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 132 (84 mg, 68%) as a 
colorless oil; Rf = 0.62 (hexanes/EtOAc = 5/1); 1H NMR (500 MHz, CD2Cl2) 
δ  (ppm):  {9.41 [d, J = 8.02 Hz, 0.5H (diastereomer)], 9.37 [d, J = 8.02 Hz, 1H]}, 
7.27-7.18 (m, 5H), {7.09 [dd, J = 15.4, 10.8 Hz, 0.5H (diastereomer)], 6.68 [dd, J = 
15.4, 9.74 Hz, 1H]}, {6.00 [dd, J = 15.4, 8.02 Hz, 0.5H (diastereomer)], 5.93 [d, J = 
15.4, 8.02, Hz, 1H]}, 4.74-4.63 (m, 3H), 4.58-4.46 (m, 3H), 4.35 (d, J =10.8 Hz, 1H), 
3.76-3.66 (m, 2H), 3.62-3.55 (m, 2H), 3.48-3.43 (m, 2H), 3.32-3.25 (m, 4H), 3.19 (app 
d, 1H), {2.89 [dd, J = 10.8, 5.73 Hz, 0.5H (diastereomer)], 2.74 [m, 1H]}, 2.34 (m, 1H), 
2.22-2.14 (m, 2H), 2.07-1.94 (m, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): [194.5 
(diastereomer), 194.2], [178.5 (diastereomer), 117.7], [160.1 (diastereomer), 157.8], 
137.8, [134.4, 133.7 (diastereomer)], 128.9 (2C), 128.2 (2C), 128.0, [95.1 
(diastereomer), 93.2], [93.0 (diastereomer), 92.7], [83.1 (diastereomer), 80.9], 77.16, 
 Me3O+BF4–
   Proton-sponge
   
 DCM, 4A MS


















[75.3 (diastereomer), 74.7], [75.1 (diastereomer), 74.0] [72.0 (diastereomer), 71.5], 
[69.9 (diastereomer), 69.8], [67.6 (diastereomer), 67.3], 66.9, 59.4, [43.8 (diastereomer), 
41.7], [40.8, 39.8 (diastereomer)], [39.0 (diastereomer), 38.7], [34.3 (diastereomer), 
34.5], [31.4, 30.9 (diastereomer)], 27.3(4C), [25.4, 25.0 (diastereomer)], [17.4, 17.3 




Aldehyde precursor 156 
 
 
To a stirred solution of 27 (59.2 mg, 148 mmol) in THF (1.48 mL) was slowly 
added MeLi in Et2O (1.13 M, 196 µL, 222 µmol) over 2 min at –78 ˚C. After being 
stirred for 10 min, the reaction mixture was diluted with Et2O (2.0 mL) and quenched 
with saturated aq. NH4Cl (3.0 mL). Resulted two layers were separated and the aqueous 
phase was extracted with Et2O (5.0 mL × 1). The combined organic layers were washed 
with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. This resulting 
155 was used in the next reaction without further purification; Rf = 0.48 
(hexanes/EtOAc = 2/1); 
To a stirred solution of freshly prepared 155 in DCM (106 µL) was slowly 
added 4-methoxybenzyl-2,2,2-trichloroacetimidate (46.1 µL, 258 µmol) in DCM (190 
µL) and (±)-10-camphorsulfonic acid (1.72 mg, 7.40 µmol) at 0 ˚C. The stirred mixture 
was warmed to room temperature and stirred for 22 h. Then the reaction mixture was 
diluted with hexanes/EtOAc =1/1 (v/v, 1.0 mL) and quenched with saturated aq. 
NaHCO3 (2.0 mL). Resulted two layers were separated and the aqueous phase was 
extracted with hexanes/EtOAc = 1/1 (v/v, 3.0 mL × 1). The combined organic layers 




















The residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 10/1) to afford 156 (62.2 mg, 96%) as a colorless oil; Rf = 0.67 
(hexanes/EtOAc = 3/1); [α]22D +25.4˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 
2931, 2858, 1612, 1512, 1462, 1369, 1246, 1215, 1072, 1038, 910, 833, 775, 733; 1H 
NMR (500 MHz, CDCl3) δ (ppm): 7.25 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 
5.79 (ddd, J = 17.5, 10.3 Hz, 8.0, 1H), 5.16-5.08 (complex m, 2H), 4.45 (d, J = 11.5 Hz, 
1H), 4.41 (d, J = 11.5 Hz, 1H), 4.08 (app dd, J = 12.6, 6.3 Hz, 1H), 3.95 (dd, J = 5.3, 
4.6 Hz, 1H), 3.90 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (s, 3H), 3.79 (dd, J = 15.2, 7.5 Hz, 1H), 
3.59 (dd, J = 9.2, 6.3 Hz, 1H), 3.50 (dd, J = 9.2, 6.9 Hz, 1H), 2.57 (m, 1H), 1.39 (s, 3H), 
1.30 (s, 3H), 0.87 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
(ppm): 159.2, 137.0, 130.7, 129.2 (2C), 117.2, 113.8 (2C), 108.5, 77.0, 73.1, 72.7, 69.8, 
66.1, 55.4, 48.8, 26.7, 26.0 (3C), 25.4, 18.3, –4.1 (2C); HRMS-ESI (m/z): [M+Na]+ 












To a stirred solution of 156 (97.7 mg, 224 µmol) in 1,4-dioxane/H2O = 3/1 
(v/v, 4.48 mL) was added 2,6-Lutidine (52.2 µL, 448 µmol), a solution of OsO4 (4% in 
H2O, 71.3 µL, 11.2 µmol) and NaIO4 (192 mg, 896 µmol) at room temperature. After 
being stirred for 1.5 h, the reaction mixture was diluted with DCM (5.0 mL). Resulted 
two layers were separated and the aqueous phase was extracted with DCM (5.0 mL × 1). 
The combined organic layers were washed with brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to afford the crude product. The 
residue was purified by silica gel flash column chromatography (silica gel, 















(hexanes/EtOAc = 3/1); [α]22D +5.64˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2989, 
2951, 2931, 2858, 1736, 1612, 1512, 1458, 1369, 1246, 1215, 1072, 1038, 833, 775; 1H 
NMR (500 MHz, CDCl3) δ (ppm): 9.80 (d, J = 1.2 Hz, 1H), 7.25 (d, J = 8.6 Hz, 2H), 
6.87 (d, J = 8.6 Hz, 2H), 4.48 (d, J = 11.5 Hz, 1H), 4.45 (d, J = 11.5 Hz, 1H), 4.21 (dd, 
J = 6.9, 2.9 Hz, 1H), 4.03 (m, 1H), 3.88 (dd, J = 9.9, 8.0 Hz, 1H), 3.81 (s, 3H), 3.78 (m, 
1H), 2.92 (m, 1H), 1.39 (s, 3H), 1.31 (s, 3H), 0.82 (s, 9H), 0.08 (s, 3H), –0.01 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ (ppm): 203.4, 159.4, 130.1, 129.4 (2C), 113.9 (2C), 
109.4, 77.2, 73.1, 71.2, 67.3, 65.1, 55.5, 55.4, 26.7, 25.9 (3C), 25.3, 18.2, –4.2, –4.4; 















To a stirred suspension of LiAlH4 (1.62 g, 42.7 mmol) in THF (50 mL) was 
added dropwise a solution of 6-Oxoheptanoic acid (90%, 1.95 g, 12.2 mmol) in THF 
(31.3 mL) over 30 min at 0 ˚C under. The stirred mixture was allowed to warm to room 
temperature and stirred for 70 min. Then the reaction mixture was cooled to 0 ˚C again 
and quenched carefully with Na2SO4•10H2O/Celite® = 1.5/1 (w/w, 25 g). The resultant 
was stirred vigorously for 20 min at ambient temperature, then filtered through a pad of 
Celite®. The filtrate was concentrated under reduced pressure to afford the crude 
product. This resulting diol 158 was used in the next reaction without further 
purification; Rf = 0.51 (CHCl3/MeOH = 5/1) 















Pyridine (3.00 mL, 37.1 mmol) and PivCl (1.72 mL, 14.0 mmol) at –30 ˚C. After being 
stirred at –30˚C for 70 min, the reaction mixture was quenched with saturated aq. 
NH4Cl (50 mL). Resulted two layers were separated and washed with 1M HCl aq. 
solution (50 mL × 1). The aqueous phase was extracted with DCM (50 mL × 1). The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, 
and concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 4/1) to afford 159 (1.39 g, 53%) as a 
colorless oil; Rf = 0.46 (hexanes/EtOAc = 1/1); IR (neat) νmax (cm-1): 3448, 2970, 
2935, 2862, 1728, 1458, 1365, 1284, 1215, 1157, 1034, 756; 1H NMR (500 MHz, 
CDCl3) δ (ppm): 4.05 (t, J = 6.6 Hz, 2H), 3.80 (m, 1H), 1.64 (m, 2H), 1.51-1.32 
(complex m, 6H), 1.19 (d, J = 6.3 Hz, 3H), 1.19 (s, 9H); 13C NMR (125 MHz, CDCl3) 
δ (ppm): 178.8, 68.0, 64.4, 39.2, 38.8, 28.7, 27.3 (3C), 26.0, 25.5, 23.6; HRMS-FAB 












To a stirred solution of 159 (450 mg, 2.08 mmol) in THF (10.4 mL) was 
added PPh3 (600 mg, 2.29 mmol) and 1-phenyl-1H-tetrazole-5-thiol (408 mg, 2.29 
mmol) at 0 ˚C. Then a solution of diisopropyl azodicarboxylate (DIAD) in Toluene 
(1.90 M, 1.31 mL, 2.50 mmol) was added dropwise over 10 min at 0 ˚C. After being 
stirred at 0 ˚C for 3 h, the reaction mixture was diluted with Et2O (10 mL) and quenched 
with saturated aq. NaHCO3 (20 mL). Resulted two layers were separated and the 
aqueous phase was extracted with Et2O (30 mL × 1). The combined organic layers were 
washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The 














hexanes/EtOAc = 8/1 to 5/1) to afford 160 (631 mg, 81%) as a colorless oil; Rf = 0.65 
(hexanes/EtOAc = 1/1); IR (neat) νmax (cm-1): 2970, 2935, 1866, 1724, 1500, 1458, 
1377, 1284, 1230, 1215, 1153, 760, 694; 1H NMR (500 MHz, CDCl3) δ (ppm): 
7.59-7.52 (complex m, 5H), 4.09-4.00 (complex m, 3H), 1.81 (m, 1H), 1.73 (m, 1H), 
1.63 (m, 2H), 1.56-1.45 (complex m, 5H), 1.40 (m, 2H), 1.18 (s, 9H); 13C NMR (125 
MHz, CDCl3) δ (ppm): 178.6, 154.1, 133.8, 130.1, 129.8 (2C), 124.0 (2C), 64.2, 44.7, 
38.7, 36.5, 28.5, 27.2 (3C), 26.5, 25.7, 21.4; HRMS-ESI (m/z): [M+Na]+ calcd for 








To a stirred solution of 160 (2.28 g, 6.06 mmol) in DCM (121 mL) was added 
anhydrous NaHCO3 (5.09 g, 60.6 mmol) and m-chloroperoxybenzoic acid (m-CPBA) 
(77%, 6.79 g, 30.3 mmol) at room temperature under N2 atmosphere. After being stirred 
at ambient temperature for 10 h, the reaction mixture was quenched with saturated aq. 
NaHCO3 (100 mL) and saturated aq. Na2S2O3 (100 mL) and stirred for 10 min. Resulted 
two layers were separated and the aqueous phase was extracted with DCM (300 mL × 
1). The combined organic layers were washed with brine, dried over sodium sulfate, 
filtered, and concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1 to 4/1) to afford 161 (2.07 g, 84%) as 
a colorless oil; Rf = 0.61 (hexanes/EtOAc = 1/1); IR (neat) νmax (cm-1): 2970, 2943, 
2870, 1724, 1496, 1458, 1365, 1342, 1284, 1230, 1215, 1149, 1038, 764, 690, 621, 528; 
1H NMR (500 MHz, CDCl3) δ (ppm): 7.59-7.58 (complex m, 5H), 4.05 (t, J = 6.6 Hz, 
2H), 3.87 (m, 1H), 2.08 (m, 1H), 1.73-1.35 (complex m, 7H), 1.50 (d, J = 6.9 Hz, 3H), 
1.19 (s, 9H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.7, 152.8, 133.2, 131.5, 129.7 
























To a stirred solution of 161 (154 mg, 273 µmol) in THF (1.48 mL) was 
slowly added a solution of LHMDS in THF (1.14 M, 239 µL, 273 µmol) at –78 ˚C. 
After being stirred at –78 ˚C for 30 min, the stirred mixture was added dropwise a 
solution of 157 in THF (1.0 mL) over 4 min at –78˚C. Then the solution was allowed to 
warm to room temperature and stirred for 70 min. The reaction mixture was diluted with 
Et2O (2.0 mL) and quenched with saturated aq. NH4Cl (3.0 mL). Resulted two layers 
were separated and the aqueous phase was extracted with Et2O (4.0 mL × 1). The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, 
and concentrated under reduced pressure to afford the crude product. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 20/1 to 
10/1) to afford inseparable mixture 162 (E/Z = 1/1, 94.7 mg, 62%) as a colorless oil; Rf 
= 0.60 (hexanes/EtOAc = 3/1); IR (neat) νmax (cm-1): 3016, 2970, 2939, 2858, 1739, 
1612, 1512, 1454, 1365, 1215, 1153, 1068, 833, 775; 1H NMR (500 MHz, CDCl3) δ 
(ppm): 7.23 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 5.03 (d, J = 9.7 Hz, 1H), 4.43 
(d, J = 12.0 Hz, 1H), 4.38 (d, J = 12.0 Hz, 1H), 4.14 (m, 1H), 4.03 (dt, J = 6.3, 2.3 Hz, 
2H), 3.92-3.72 (complex m, 4H), 3.80 (s, 3H), 3.57 (m, 1H), 3.34 (m, 1H), 2.80 (m, 1H), 
2.12 (m, 0.5H), 2.03-1.92 (complex m, 1.5H), 1.70 (s, 1.5H), 1.66-1.57 (complex m, 
























0.06 (s, 1.5H), 0.06 (s, 1.5H), 0.05 (s, 1.5H), 0.05 (s, 1.5H); 13C NMR (125 MHz, 
CDCl3) δ (ppm): 178.7, 159.1, 137.5, 130.9 (0.5C), 130.9 (0.5C), 129.1, 129.1, 124.4 
(0.5C), 123.5 (0.5C), 113.7 (0.5C), 108.4 (0.5C), 108.4 (0.5C), 77.3 (0.5C), 77.3 (0.5C), 
74.7 (0.5C), 73.9, (0.5C) 72.6, 70.6 (0.5C), 70.5 (0.5C), 66.4 (0.5C), 66.1 (0.5C), 64.5, 
55.3, 42.7 (0.5C), 42.1 (0.5C), 39.9, 38.8 (0.5C), 32.3 (0.5C), 28.7 (0.5C), 28.6 (0.5C), 
27.8 (0.5C), 27.6 (0.5C), 27.3 (3C), 26.7 (0.5C), 26.6 (0.5C), 26.3 (0.5C), 26.1 (3C), 
25.7 (0.5C), 23.6 (0.5C), 18.3 (0.5C), 18.3 (0.5C), 16.7 (0.5C), –4.0, –4.0, (2C) –4.1; 














To a stirred solution of 162 (93.5 mg, 151 µmol) in THF (1.51 mL) was 
slowly added a solution of MeLi in Et2O (1.13 M, 348 µL, 453 µmol) at –78 ˚C. After 
being stirred at –78 ˚C for 10 min, the reaction mixture was diluted with Et2O (2.0 mL) 
and quenched with saturated aq. NH4Cl (3.0 mL). Resulted two layers were separated 
and the aqueous phase was extracted with Et2O (4.0 mL × 1). The combined organic 
layers were washed with brine, dried over sodium sulfate, filtered, and concentrated 
under in vacuo. The residue was purified by silica gel flash column chromatography 
(silica gel, hexanes/EtOAc = 5/1 to 1/1) to afford inseparable mixture 163 (E/Z = 1/1, 
78.8 mg, 97%) as a colorless oil; Rf = 0.33 (hexanes/EtOAc = 2/1); IR (neat) νmax 
(cm-1): 3460, 3016, 2931, 2858, 1739, 1612, 1512, 1454, 1369, 1215, 1068, 833, 775; 
1H NMR (500 MHz, CDCl3) δ (ppm): 7.23 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 
2H), 5.03 (d, J = 9.7 Hz, 1H), 4.43 (d, J = 12.0 Hz, 1H), 4.38 (d, J = 12.0 Hz, 1H), 4.14 
MeLi in Et2O
THF















(m, 1H), 3.89 (complex m, 1.5H), 3.84-3.74 (complex m, 1.5H), 3.80 (s, 3H), 3.67-3.53 
(complex m, 3H), 3.34 (ddd, J = 15.0, 9.0, 6.3 Hz, 1H), 2.79 (m, 1H), 2.12 (m, 0.5H), 
2.06-1.93 (complex m, 1.5H), 1.70 (s, 1.5H), 1.63 (s, 1.5H), 1.55 (m, 2H), 1.49 (br, 1H), 
1.42 (m, 2H), 1.40 (s, 3H), 1.33 (m, 2H), 1.31 (s, 3H), 0.87 (s, 9H), 0.07 (s, 1.5H), 0.06 
(s, 1.5H), 0.05 (s, 1.5H), 0.05 (s, 1.5H); 13C NMR (125 MHz, CDCl3) δ (ppm): 159.1, 
137.6 (0.5C), 137.5 (0.5C), 130.9 (0.5C), 130.9 (0.5C), 129.2, 129.1, 124.5 (0.5C), 
123.6 (0.5C), 113.7 (2C), 108.4 (0.5C), 108.4 (0.5C), 77.4 (0.5C), 77.3 (0.5C), 74.7 
(0.5C), 73.7 (0.5C), 72.6 (0.5C), 72.5 (0.5C), 70.6 (0.5C), 70.4 (0.5C), 66.3 (0.5C), 66.0 
(0.5C), 63.0, 55.4, 42.8 (0.5C), 42.1 (0.5C), 39.9 (0.5C), 32.8 (0.5C), 32.8 (0.5C), 32.2 
(0.5C), 27.9 (0.5C), 27.6 (0.5C), 26.6, 26.1 (3C), 25.9 (0.5C), 25.4 (0.5C), 25.3 (0.5C), 
25.3 (0.5C), 23.6 (0.5C), 18.3 (0.5C), 18.3 (0.5C), 16.6 (0.5C), –4.0 (1.5C), –4.1 (0.5C); 







To a stirred solution of 163 (481 mg, 896 µmol) in DCM (8.96 mL) was 
added Dess-Martin periodinane (760 mg, 1.79 mmol) at room temperature under N2 



























was filtered through Celite® and washed with DCM (10.0 mL). The filtrate was washed 
with saturated aq. NaHCO3 (20 mL × 1), saturated aq. Na2S2O3 (20 mL × 1) and brine, 
dried over sodium sulfate, filtered, and concentrated in vacuo. This resulting aldehyde 
164 was used in the next reaction without further purification; Rf = 0.59 
(hexanes/EtOAc = 2/1). 
To a stirred solution of fleshly prepared 164 in t-BuOH/THF = 1/1 (v/v, 17.9 
mL) was added 2-Methyl-2-butene (1.90 mL, 17.9 mmol) and a solution of 
NaH2PO4•2H2O (1.12 g, 7.17 mmol) in H2O (9.0 mL) at room temperature. Then the 
stirred solution was slowly added of a solution of NaClO2 (79%, 423 mg, 2.83 mmol) in 
H2O (9.0 mL) and stirred for 10 min. The reaction mixture was diluted with DCM (50 
mL), resulted two layers were separated and the aqueous phase was extracted with 
DCM (50 mL × 1). The combined organic layers were washed with brine, dried over 
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica 
gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1, 5/1, 3/1 to 1/1) to 
afford inseparable mixture 165 (E/Z = 1/1, 507 mg, 100%) as a pale yellow oil; Rf = 
0.33 (hexanes/EtOAc = 2/1); IR (neat) νmax (cm-1): 3444, 3012, 2931, 2858, 1739, 
1612, 1512, 1458, 1369, 1230, 1215, 1068, 1038, 833, 775; 1H NMR (500 MHz, 
CDCl3) δ (ppm): 7.23 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 5.04 (m, 1H), 4.43 
(d, J = 11.5 Hz, 1H), 4.38 (d, J = 12.0 Hz, 1H), 4.13 (m, 1H), 3.89 (complex m, 1.5H), 
3.84-3.74 (complex m, 1.5H), 3.80 (s, 3H), 3.57 (m, 1H), 3.34 (ddd, J = 13.8, 9.5, 6.6 
Hz, 1H), 2.80 (m, 1H), 2.34 (ddd, J = 10.3, 7.5, 7.5 Hz, 2H), 2.13 (m, 0.5H), 2.06-1.93 
(complex m, 1.5H), 1.70 (d, J = 1.2 Hz, 1.5H), 1.62 (d, J = 1.2 Hz, 1.5H), 1.61 (m, 2H), 
1.44 (m, 2H), 1.39 (s, 3H), 1.31 (m, 1.5H), 1.31 (s, 1.5H), 0.86 (s, 9H), 0.06 (s, 1.5H), 
0.06 (s, 1.5H), 0.05 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 179.8 (0.5C), 
179.6 (0.5C), 159.1 (0.5C), 137.2 (0.5C), 130.9, (0.5C) 130.8 (0.5C), 129.2, 129.1, 
124.8 (0.5C), 123.9 (0.5C), 113.7 (2C), 108.5 (0.5C), 108.5 (0.5C), 77.4 (0.5C), 77.3 
(0.5C), 74.7 (0.5C), 73.8 (0.5C), 72.6, 70.6 (0.5C), 70.4 (0.5C), 66.4 (0.5C), 66.1 (0.5C), 
55.3, 42.8 (0.5C), 42.1 (0.5C), 39.6 (0.5C), 34.1 (0.5C), 34.0 (0.5C), 31.9 (0.5C), 27.5 
(0.5C), 27.2 (0.5C), 26.6, 26.1 (1.5C), 26.1 (1.5C), 25.3 (0.5C), 25.2 (0.5C), 24.8 (0.5C), 
24.4 (0.5C), 23.6 (0.5C), 18.3 (0.5C), 18.3 (0.5C), 16.6 (0.5C), –4.0 (1.5C), –4.1 (0.5C); 













To a stirred solution of 165 (397 mg, 721 µmol) in THF (3.61 mL) was added 
a solution of TBAF in THF (1.0 M, 2.16 mL, 2.16 mmol) at room temperature, then the 
stirred mixture was heated to reflux and stirred for 2.5 h. Then the reaction mixture was 
cooled to room temperature and diluted with Et2O (5.0 mL), quenched with saturated aq. 
NH4Cl (10 mL). Resulted two layers were separated and the aqueous phase was 
extracted with Et2O (10 mL × 1). The combined organic layers were washed with brine, 
dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified 
by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 5/1, 3/1, 1/1 to 
1/2) to afford inseparable mixture 166 (276 mg, 88%) as a colorless oil; Rf = 0.50 
(hexanes/EtOAc/AcOH = 1/1/0.1); IR (neat) νmax (cm-1): 3444, 2935, 2862, 1739, 
1612, 1512, 1454, 1369, 1230, 1215, 1061, 1034, 849, 822; 1H NMR (500 MHz, 
CDCl3) δ (ppm): 7.23 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.21 (dd, J = 20.1, 
10.3, 1H), 4.43 (complex m, 2H), 4.04 (m, 1H), 3.95 (m, 2H), 3.80 (s, 3H), 3.78-3.65 
(complex m, 2H), 3.52 (m, 1H), 2.64 (m, 1H), 2.34 (m, 2H), 2.09-1.94 (complex m, 2H), 
1.70 (s, 1.5H), 1.60 (s, 1.5H), 1.60 (s, 2H), 1.46 (m, 2H), 1.41 (s, 3H), 1.34 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ (ppm): 179.4 (0.5C), 179.2 (0.5C), 159.3 (0.5C), 159.3 
(0.5C), 137.6 (0.5C), 137.4 (0.5C), 130.0 (0.5C), 129.9 (0.5C), 129.4 (2 C), 122.6 
(0.5C), 122.0 (0.5C), 113.9 (2C), 109.0, 77.3 (0.5C), 77.2 (0.5C), 74.4 (0.5C), 73.8 




















40.5 (0.5C), 40.0 (0.5C), 39.4 (0.5C), 33.9, 31.8 (0.5C), 27.5 (0.5C), 27.2 (0.5C), 26.6 
(0.5C), 26.6 (0.5C), 25.4, 24.7 (0.5C), 24.3 (0.5C), 23.5 (0.5C), 16.4 (0.5C); 
HRMS-ESI (m/z): [M+Na]+ calcd for C24H36NaO7, 459.2359, found 459.2356. 
 
 




To a stirred solution of 166 (10.5 mg, 24.1 µmol) in benzene (482 µL) was added 
DIPEA (31.6 μL, 186 µmol) and 2,4,6-trichlorobenzoyl chloride (17.7 μL, 113 µmol) at 
room temperature. After being stirred for 5 h, the stirred mixture was diluted with benzene 
(3.89 mL), then the solution was heated to reflux and added a solution of DMAP (138 mg, 
1.13 mmol) in benzene (3.0 mL) via syringe pump at 90 °C over 3 h. After being stirred for 
14 h, the reaction mixture was cooled to ambient temperature and saturated aq. NaHCO3 (10 
mL) was added and stirred for 15 min until phases became clear. Resulted two layers were 
separated and the aqueous phase was extracted with EtOAc (10 mL × 1). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1, 3/1 to 1/1) to afford 167 (1.6 mg, 
16%) as a colorless oil; Rf = 0.63 (hexanes/EtOAc = 1/1); [α]22D +37.4˚ (c 0.10, 
CHCl3); IR (neat) νmax (cm-1): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230, 
1215, 1153, 1076, 1041, 845, 817; 1H NMR (500 MHz, CD2Cl2) δ (ppm): 7.25 (d, J = 
8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t, J = 5.2 Hz, 1H), 4.99 (d, J = 10.3 Hz, 1H), 
4.47 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.26 (dd, J = 12.3, 6.6 Hz, 1H), 
3.94 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 3H), 3.52 (dd, J = 9.7, 6.9 Hz, 1H), 
3.46 (dd, J = 9.5, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51 (ddd, J = 14.8, 6.9, 2.3 Hz, 1H), 2.33 





















3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); 13C NMR (125 MHz, CD2Cl2) δ (ppm): 173.3, 
159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 72.6, 70.0, 66.3, 
55.4, 37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]+ calcd 
for C24H34NaO6, 441.2253, found 441.2250. 
 
Carboxylic acid 178 
  
 
 To a solution of 131 (100 mg, 234 µmol) in MeOH (4.68 mL) and H2O (4.68 
mL) was added K2CO3 (258 mg, 1.87 mmol) at r.t. The reaction mixture was warmed to 
60 ˚C. After stirring for 4 h, the reaction mixture was quenched with saturated aq. 1 N 
HCl aq. (15 mL) and diluted with DCM (30 mL) and extracted with DCM (10 mL × 3). 
The combined organic phases were washed with brine (30 mL × 1), dried over sodium 
sulfate, concentrated in vacuo to afford the crude 177 as a yellow amorphous; which 
was used in next reaction without further purification; Rf = 0.4 (hexanes/EtOAc+AcOH 
= 1/1). 
 To a stirred solution of crude of 177 in DMSO (2.34 mL) was added IBX (131 
mg, 468 mmol) at r.t. The reaction mixture was warmed to 60 ˚C and being stirred for 
1.5 h. The reaction mixture was diluted with AcOEt (6.0 mL) and washed with brine (4 
mL × 3), dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 3/1) to 
afford 178 (67 mg, 78%) as a colorless oil; Rf = 0.33 (hexanes/EtOAc = 1/2); [α]22D 
+37.4˚ (c 0.10, CHCl3); IR (neat) νmax (cm-1): 2970, 2935, 2858, 1732, 1612, 1512, 
1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; 1H NMR (500 MHz, CD2Cl2) δ 
(ppm): 7.25 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t, J = 5.2 Hz, 1H), 4.99 
(d, J = 10.3 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.26 (dd, J = 




























= 9.7, 6.9 Hz, 1H), 3.46 (dd, J = 9.5, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51 (ddd, J = 14.8, 6.9, 
2.3 Hz, 1H), 2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H), 1.92-1.75 (complex m, 
3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); 13C NMR (125 MHz, CD2Cl2) δ 
(ppm): 173.3, 159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 
72.6, 70.0, 66.3, 55.4, 37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; HRMS-ESI (m/z): 







To a stirred solution of 30 (2.89 g, 5.57 mmol) in DCM (55.7 ml) and MeOH 
(55.7 mL) was added pyridine (1.35 ml, 16.7 mmol) at –78 °C. Ozone gas was bubbled 
into the stirred mixture until a faint blue color appeared. Following O2 gas was bubbled 
into the mixture until blue color was disappeared. The mixture was added NaBH4 (1.05 
g, 27.9 mmol) and warm to room temperature. After being stirred for 20 min, the 
reaction mixture was quenched with saturated aq. NH4Cl (100 mL). Resulted two layers 
were separated and the aqueous phase was extracted with DCM (100 mL × 1). The 
combined organic layers were washed with brine (100 mL × 2), dried over sodium 
sulfate, filtered, and concentrated in vacuo to t afford the crude product as a colorless 
oil; which was used in next reaction without further purification; Rf = 0.42 
(hexanes/EtOAc = 4/1) 
To a stirred solution of 179 (5.90 g, 11.3 mmol) in THF (22.5 mL) was added 
Ph2S2 (12.3 g, 56.5 mmol) at 0 °C. After being stirred for 10 min, the reaction mixture 
was added Bu3P (27.1 mL 113 mmol) over 100 min at 0 °C. Following the solution was 
warmed to 70 °C and stirred for 2 h. Then the reaction mixture was cooled to 0 °C 
























separated and the aqueous phase was extracted with Et2O (50 mL × 2). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 60/1) 
to afford 180 (5.80 g, 87%) as a colorless oil; Rf = 0.70 (hexanes/EtOAc = 5/1); [α]22D 
-3.26° (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 2893, 2862, 2337, 177, 1473, 
1396, 1249, 1153, 1149, 1083, 1033, 918, 833, 771; 1H NMR (500 MHz, CDCl3) δ 
(ppm): 7.35 (complex m, 2H), 7.26 (complex m, 2H), 7.16 (m, 1H), 4.73 (d, J = 6.9 Hz, 
1H), 4.65 (d, J = 6.9 Hz, 1H), 4.55 (dd, J = 11.2, 4.0 Hz, 1H), 4.20 (t, J = 3.4 Hz, 1H), 
4.04 (dd, J = 8.6, 2.8 Hz, 1H), 3.75 (m, 1H), 3.65 (dd, J = 10.9, 5.2 Hz, 1H), 3.57 (dd, J 
= 10.9, 6.3 Hz, 1H), 3.30 (s, 3H), 3.15 (dd, J = 13.2, 5.2 Hz, 1H), 2.92 (dd, J = 13.5, 8.6 
Hz, 1H), 2.22 (m, 1H), 1.89 (s, 9H), 0.89 (s, 9H), 0.88 (s, 9H), 0.10 (s, 3H), 0.07 (s, 3H), 
0.02 (s, 6H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.4, 136.3, 129.3 (2C), 129.0 
(2C), 126.0, 96.6, 80.2, 71.9, 64.4, 63.1, 55.9, 40.1, 38.9, 33.2, 27.3 (3C), 26.1 (3C), 
26.0 (3C), 18.3 (2C), –4.0, –4.6, –5.4 (2C); HRMS-ESI (m/z): [M+Na]+ calcd for 












To a solution of 180 (5.80 g, 11.3 mmol) in EtOH (112 mL) was added 
(NH4)6Mo7O24•4H2O (1.39 g, 1.13 mmol) in 30% aq. H2O2 (34.8 mL) at 0 °C. Following 
the solution was warmed to room temperature and stirred for 2 h. Then the reaction 
mixture was diluted with Et2O (100 mL). The reaction mixture was cautiously washed 
with H2O (100 mL × 2). The combined organic layers were washed with brine, dried 

















silica gel flash column chromatography (silica gel, hexanes/EtOAc = 20/1) to afford 181 
(11.3 g, 100%) as a colorless oil; Rf = 0.45 (hexanes/EtOAc = 5/1); [α]22D -2.09° (c 
1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 2893, 2862, 2360, 2337, 1728, 1466, 1365, 
1257, 1149, 1087, 1033, 833, 779; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.92 
(complex m, 2H), 7.65 (m, 1H), 7.56 (complex m, 2H), 4.75 (d, J = 6.3 Hz, 1H), 4.64 (d, 
J = 6.9 Hz, 1H), 4.45 (dd, J = 11.5, 5.7 Hz, 1H), 4.29 (t, J = 2.9 Hz, 1H), 3.75 (m, 1H), 
3.62 (complex m, 2H), 3.33 (dd, J = 14.6, 6.9 Hz, 1H), 3.32 (s, 3H), 3.24 (dd, J = 14.3, 
5.7 Hz, 1H), 2.58 (m, 1H), 1.12 (s, 9H), 0.89 (s, 9H), 0.86 (s, 9H) 0.10 (d, J = 2.9 Hz, 
6H), 0.06 (d, J = 2.3 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.0, 139.7, 
133.7, 129.4 (2C), 128.2 (2C), 96.6 79.9, 71.4, 63.2, 63.0, 38.7, 37.2, 27.2 (3C), 25.9 
(6C), 18.3 (2C), 18.2 (2C), –4.2, –4.5, –5.4 (2C); HRMS-ESI (m/z): [M+Na]+ calcd for 












To a PFA flask containing 181 (14.5 g 22.4 mmol) was added a solution of 
freshly prepared 10% HF•pyridine (149 mL) at 0 °C. The stirred mixture allowed to 
warm to room temperature and stirred for 3 h. Then the reaction mixture was cooled to 
0 °C followed by cautiously quenched with saturated aq. NaHCO3 (100 mL), and 
diluted with DCM (100 mL). Resulted two layers were separated and the aqueous phase 
was extracted with DCM (100 mL × 2). The combined organic layers were washed with 
1 M HCl aq. solution (400 mL × 1) and brine, dried over sodium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 1/1) to afford 182 (11.2 g, 99%) as a 















IR (neat) νmax (cm-1): 3533, 2954, 2893, 2862, 2360, 2337, 1728, 1466, 1365, 1257, 
1149, 1080, 1026, 833, 779; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.91 (complex m, 
2H), 7.67 (m, 1H), 7.58 (complex m, 2H), 4.70 (dd, J = 19.5, 6.9 Hz, 2H), 4.50 (dd, J = 
11.7, 5.7 Hz, 1H), 4.26 (dd, J = 5.2, 2.3 Hz, 1H), 3.96 (dd, J = 11.5, 8.6 Hz, 1H), 3.72 
(m, 1H), 3.59 (complex m, 2H), 3.42 (s, 3H), 3.32 (dd, J = 14.3, 7.5 Hz, 1H), 3.16 (dd, J 
= 14.6, 5.2 Hz, 1H), 3.07 (dd, J = 8.0, 4.6 Hz, 1H), 1.11 (s, 9H), 0.87 (s, 9H), 0.11 (s, 
3H), 0.10 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.0, 139.4, 134.0, 129.5 
(2C), 128.1 (2C), 97.2, 83.3, 71.3, 63.0, 62.6, 56.0, 54.6, 38.7, 36.9, 27.1 (3C), 25.9 















Preparation of Acetic formic anhydride 
A stirred mixture of acetic anhydride (21.0 mL, 223 mmol) and formic acid 
(9.5 mL, 223 mmol) was heated to 60 °C. After being stirred for 30 min at 60 °C, the 
mixture was cooled to room temperature. This resulting acetic formic anhydride was 
used in the next reaction without further purification. 
 
In another flask, to a stirred solution of 182 (11.2 g, 22.3 mmol) and pyridine 
(21.6 mL, 268 mmol) in DCM (223 mL) was dropwise added freshly prepared acetic 
formic anhydride over 5 min at 0 °C. Then the stirred mixture was allowed to warm to 

















followed by quenched with 2 M NaOH aq. (150 mL) and diluted with water. Resulted 
two layers were separated the aqueous phase was extracted with DCM (200 mL × 1). 
The combined organic layers were washed with 1M HCl aq. solution (300 mL × 1) and 
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 1/1) to 
afford 183 (11.8 g, 94%) as a colorless oil; Rf = 0.65 (hexanes/EtOAc = 1/1); [α]22D 
+1.23° (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 2893, 2862, 1728, 1466, 1365, 
1257, 1149, 1088, 1034, 925, 833, 779; 1H NMR (500 MHz, CDCl3) δ (ppm): 8.08 (s, 
1H), 7.91 (complex m , 2H), 7.67 (complex m, 2H), 7.58 (complex m, 2H), 4.68 (dd, J 
= 16.0, 6.9 Hz, 2H), 4.46 (complex m, 2H), 4.32 (dd, J = 4.6, 2.9 Hz, 1H), 4.11 (dd, J = 
12.0, 5.7 Hz, 1H), 4.03 (dd, J = 11.5, 8.0 Hz, 1H), 3.83 (dd, J =9.2, 5.2 Hz 1H), 3.35 (s, 
3H), 3.31 (dd, J = 14.3, 6.9 Hz, 1H), 3.21 (dd, J = 14.3, 5.2 Hz, 1H), 2.57 (m, 1H), 1.12 
(s, 9H), 0.86 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H) ; 13C NMR (125 MHz, CDCl3) δ (ppm): 
178.0, 160.7, 139.4, 133.9, 129.5 (2C), 128.1 (2C), 96.2, 76.6, 71.4, 62.8 (2C), 56.1, 
54.2, 38.7, 37.1, 27.1 (3C), 25.9 (3C), 18.1, –4.4 (2C); HRMS-ESI (m/z): [M+Na]+ 













To a stirred solution of PPh3 (54.8 g, 209 mmol) in DCM (150 mL) was added 
CCl4 (223 mL, 105 mmol) at room temperature. After being stirred for 20 min, the 
stirred mixture was added Et3N (43.5 mL, 314 mmol) and stirred for 20 min. Then the 
resultant was added a solution of 183 (11.8 g, 20.9 mmol) in DCM (59.0 mL). After 




















saturated aq. NH4Cl (200 mL). Resulted two layers were separated and the aqueous 
phase was extracted with DCM (150 mL × 1). The combined organic layers were 
washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The 
residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 9/1) to afford 184 (11.7 g, 90%) as a colorless oil; Rf = 0.38 
(hexanes/EtOAc = 3/1); [α]22D +0.05° (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 
2892, 2861, 1728, 1466, 1365, 1257, 1149, 1087, 1034, 833, 779; 1H NMR (500 MHz, 
CDCl3) δ (ppm): 7.91 (complex m, 2H), 7.67 (m, 1H), 7.58 (complex m, 2H), 6.57 (s, 
1H), 4.70 (s, 2H), 4.44 (dd, J = 11.5, 5.7 Hz, 1H), 4.25 (m, 1H), 4.04 (complex m, 2H), 
3.95 (dd, J = 11.2, 5.3 Hz, 1H), 3.78 (dd, J = 8.6, 5.2 Hz,1H), 3.37 (s, 3H), 3.29 (dd, J = 
14.3, 6.9 Hz, 1H), 3.19 (dd, J = 14.6, 5.7 Hz, 1H), 2.58 (m, 1H), 1.13 (s, 9H), 0.86 (s, 
9H), 0.11 (s, 3H), 0.09 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 178.0, 143.5, 
139.4, 133.9, 129.5 (2C), 128.1 (2C), 104.3, 96.7, 77.9, 73.0, 71.4, 62.8, 56.2, 54.3, 
38.7, 37.3, 27.2 (3C), 25.9 (3C), 18.3, –4.4, –4.6; HRMS-ESI (m/z): [M+Na]+ calcd for 














To a stirred solution of 184 (4.76 g, 7.61 mmol) in THF (76.1 mL) was 
dropwise added n-BuLi in hexane (1.60 M, 19.0 mL, 30.4 mmol) over 80 min at –78 °C. 
The stirred mixture was quenched with saturated aq. NH4Cl and resulted two layers 
were separated and the aqueous phase was extracted with EtOAc (100 mL × 1). The 

















and concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 3/1) to afford 185 (3.76 g, 89%) as a pale 
yellow oil; Rf = 0.38 (hexanes/EtOAc = 3/1); [α]22D +1.23° (c 1.00, CHCl3); IR (neat) 
νmax (cm-1): 3317, 2954, 2893, 2862, 2360, 1728, 1646, 1365, 1257, 1149, 1088, 918, 
833, 779; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.92 (complex m, 2H), 7.67 ( m, 1H), 
7.58 (complex m, 2H), 4.43 (dd, J = 11.5, 5.7 Hz, 1H), 4.23 (m, 1H), 4.14 (dd, J = 10.9, 
5.7 Hz, 1H), 3.85 (m, 1H), 3.38 (s, 3H), 3.30 (dd, J = 14.6, 6.3 Hz, 1H), 3.19 (dd, J = 
14.3, 5.7 Hz, 1H), 2.53 (m, 1H), 1.56 (s, 1H), 1.13 (s, 9H), 0.86 (s, 9H), 0.12 (s, 3H), 
0.09 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 177.9, 139.3, 133.9, 129.5 (2C), 
128.1 (2C), 96.5, 90.7, 78.0, 76.7, 71.1, 62.7, 56.1, 54.2, 38.7, 37.4, 27.2 (3C), 26.8, 
25.9 (3C), 18.1, –4.5(2C); HRMS-FAB (m/z): [M]+ calcd for C27H44NaO8SSi, 















To a solution of 178 (30 mg, 78.4 µmol) and 188 (111 mg, 235 µmol) in 
DCM (392 µL) were added DMAP (23 mg, 188 µmol) and MNBA (30 mg, 86.2 µmol) 
at 0 ˚C. The reaction mixture was warmed to room temperature. After stirring for 1 h, 
the reaction mixture was quenched with saturated aq. NH4Cl (400 µL) and extracted 
with DCM (400 µL × 2). The combined organic phases were washed with brine (1 mL 
× 1), dried over sodium sulfate, concentrated in vacuo. The residue was purified by 
























(34 mg, 60%) as a colorless oil; Rf = 0.4 (hexanes/EtOAc = 1/2); [α]22D +37.4˚ (c 0.10, 
CHCl3); IR (neat) νmax (cm-1): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230, 
1215, 1153, 1076, 1041, 845, 817; 1H NMR (500 MHz, CD2Cl2) δ (ppm): 9.78 (s, 1H), 
7.92 (m, 2 H) 7.65 (m, 1), 7.57 (m, 1), 7.25 (d, J = 8.0 Hz, 2H), 5.98 (m, 1H), 5.45 (d, J 
= 10.6 Hz, 1H), 5.17 (dd, J = Hz, 1H), 4.67-4.65 (complex m, 3H), 4.60 (d, J = 8.2 Hz, 
1H), 4.16-4.05 (complex m, 1H), 3.84 (m, 1H), 3.72 (complex m, 2H), 3.62-3.58 
(complex m, 3H), 3.52 (complex m, 3H), 3.37-3.36 (complex m, 4H), 3.34 (dd, J = 14.6, 
6.3 Hz, 1H), 3.32 (dd, J = 14.6, 6.1 Hz, 1H), 2.57 (complex m, 2H), 2.25 (complex m, 
2H), 2.12-2.04 (complex m, 2H), 1.78 (dd, J = 12.1 MHz, 1H), 1.49 (m, 1H), 1.21 (d, J 
= 6.3 MHz, 3H), 0.92 (m, 9H), 0.56 (m, 6H); HRMS-ESI (m/z): [M+Na]+ calcd for 
















To a solution of 189 (34 mg, 47.3 µmol) in THF (1.5 mL) was added LHMDS 
in Hexanes (1.10 M, 236 µL, 260 µmol) at –78 ˚C. After stirring for 15 min, the 
reaction mixture was quenched with saturated aq. NH4Cl (1.5 mL) and extracted with 
Et2O (1 mL × 2). The combined organic phases were washed with brine (1.5 mL × 1), 
dried over sodium sulfate, concentrated in vacuo. The residue was purified by silica gel 
flash column chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 190 (24 mg, 
























CHCl3); IR (neat) νmax (cm-1): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230, 
1215, 1153, 1076, 1041, 845, 817; 1H NMR (500 MHz, CD2Cl2) δ (ppm): 9.71 (s, 1H), 
7.92 (m, 2 H) 7.65 (m, 1H), 7.57 (m, 2H), 5.89 (m, 1H), 5.34 (dd, J = 10.6 Hz, 1H), 
5.17 (m, 1H), 4.67-4.65 (complex m, 3H), 4.60 (d, J = Hz, 1H), 4.16-4.05 (complex m, 
1H), 3.84 (m, 1H), 3.72 (complex m, 2H), 3.62-3.58 (complex m, 3H), 3.52 (complex m, 
3H), 3.37-3.36 (complex m, 4H), 3.34 (dd, J = 14.6, 6.3 Hz, 1H), 3.32 (dd, J = 14.6, 6.1 
Hz, 1H), 2.57 (complex m, 2H), 2.25 (complex m, 2H), 2.12-2.04 (complex m, 2H), 
1.78 (dd, J = 12.1 MHz, 1H), 1.49 (m, 1H), 1.21 (d, J = 6.3 MHz, 3H), 0.92 (m, 9H), 

















To a solution of 190 (48 mg, 61.6 µmol) in benzene (2.0 mL) was added DBU 
(30.3 µL, 203 µmol) at room temperature. After stirring for 15 min, the reaction mixture 
was quenched with saturated aq. NH4Cl (2 mL) and extracted with AcOEt (1 mL × 2). 
The combined organic phases were washed with brine (2 mL × 1), dried over sodium 
sulfate, concentrated in vacuo. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 195 (34 mg, 70%) as a 
colorless oil; Rf = 0.6 (hexanes/EtOAc = 1/1); IR (neat) νmax (cm-1): 2970, 2935, 2858, 



























MHz, CD2Cl2) δ (ppm): 7.92 (m, 2 H) 7.65 (m, 1H), 7.57 (m, 2H), 5.89 (m, 1H), 5.34 
(dd, J = 10.6 Hz, 1H), 5.17 (dd, J = Hz, 1H), 4.67-4.65 (complex m, 3H), 4.60 (d, J = 
Hz, 1H), 4.16-4.05 (complex m, 1H), 3.84 (m, 1H), 3.72 (complex m, 2H), 3.62-3.58 
(complex m, 3H), 3.52 (complex m, 3H), 3.37-3.36 (complex m, 4H), 3.34 (dd, J = 14.6, 
6.3 Hz, 1H), 3.32 (dd, J = 14.6, 6.1 Hz, 1H), 2.57 (complex m, 2H), 2.25 (complex m, 
2H), 2.12-2.04 (complex m, 2H), 1.78 (dd, J = 12.1 MHz, 1H), 1.49 (m, 1H), 1.21 (d, J 
= 6.3 MHz, 3H), 0.92 (m, 9H), 0.56 (m, 6H); 13C NMR (125 MHz, CD2Cl2) δ (ppm): 
173.3, 159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 72.6, 70.0, 
66.3, 55.4, 37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]+ 

















To a solution of 178 (44 mg, 115 µmol) and 200’ (143 mg, 345 µmol) in 
DCM (575 µL) was added DMAP (34 mg, 276 µmol) and MNBA (44 mg, 126 µmol) at 
0 ˚C. The reaction mixture was warmed to r.t. After stirring for 1 h, the reaction mixture 
was quenched with saturated aq. NH4Cl (500 µL) and extracted with DCM (500 µL × 2). 
The combined organic phases were washed with brine (2 mL × 1), dried over sodium 
sulfate, concentrated in vacuo. The residue was purified by silica gel flash column 





























colorless oil; Rf = 0.4 (hexanes/EtOAc = 1/2); [α]22D +37.4˚ (c 0.10, CHCl3); IR (neat) 
νmax (cm-1): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230, 1215, 1153, 1076, 
1041, 845, 817; 1H NMR (500 MHz, CD2Cl2) δ (ppm): 9.77 (s, 1H), 7.92 (m, 2 H) 
7.58 m, 1H) 7.25 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t, J = 5.2 Hz, 1H), 
4.99 (d, J = 10.3 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.26 (dd, 
J = 12.3, 6.6 Hz, 1H), 3.94 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 3H), 3.52 
(dd, J = 9.7, 6.9 Hz, 1H), 3.46 (dd, J = 9.5, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51 (ddd, J = 
14.8, 6.9, 2.3 Hz, 1H), 2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H), 1.92-1.75 
(complex m, 3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); 13C NMR (125 MHz, 
CD2Cl2) δ (ppm): 173.3, 159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 
73.9, 73.1, 72.6, 70.0, 66.3, 55.4, 37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; 















To a solution of 200 (48 mg, 61.6 µmol) in THF (2.0 mL) was added LHMDS 
in Hexanes (1.10 M, 280 µL, 339 µmol) at –78 ˚C. After stirring for 15 min, the 
reaction mixture was quenched with saturated aq. NH4Cl (2 mL) and extracted with 
Et2O (1 mL × 2). The combined organic phases were washed with brine (2 mL × 1), 
dried over sodium sulfate, concentrated in vacuo. The residue was purified by silica gel 
flash column chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 202 (22 mg, 































5/1); [α]22D +37.4˚ (c 0.10, CHCl3); IR (neat) νmax (cm-1): 2970, 2935, 2858, 1732, 
1612, 1512, 1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; 1H NMR (500 MHz, 
CD2Cl2) δ (ppm): 7.25 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t, J = 5.2 Hz, 
1H), 4.99 (d, J = 10.3 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 
4.26 (dd, J = 12.3, 6.6 Hz, 1H), 3.94 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 
3H), 3.52 (dd, J = 9.7, 6.9 Hz, 1H), 3.46 (dd, J = 9.5, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51 
(ddd, J = 14.8, 6.9, 2.3 Hz, 1H), 2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H), 
1.92-1.75 (complex m, 3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); 13C NMR 
(125 MHz, CD2Cl2) δ (ppm): 173.3, 159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 
108.9, 73.9, 73.1, 72.6, 70.0, 66.3, 55.4, 37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; 

















To a solution of 202 (10 mg, 13.0 µmol) in MeCN (433 mL) was added DBU 
(6.4 µL, 39 µmol) at room temperature. The reaction mixture was warmed to 60 ˚C. 
After stirring for 1 h, the reaction mixture was quenched with saturated aq. NH4Cl (500 
µL) and extracted with AcOEt (1 mL × 1). The combined organic phases were washed 
with brine (3 mL × 1), dried over sodium sulfate, concentrated in vacuo. The residue 





























r.t. to 65 ˚C
25%
 198 
colorless oil; Rf = 0.4 (hexanes/EtOAc = 1/1); IR (neat) νmax (cm-1): 2970, 2935, 2858, 
1732, 1612, 1512, 1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; 1H NMR (500 
MHz, CD2Cl2) δ (ppm): 7.93 (complex m, 2H), 7.67 (complex m, 1H), 7.58 (complex 
m, 2H), 5.76 (complex m, 1H), 5.61 (d, J = 10.3 Hz, 0.7H), 5.46 (d, J = 10.4 Hz, 0.3H), 
5.20 (m, 0.3H), 5.14 (m, 0.7H), 4.84-4.85 (complex m, 2H), 4.74-4.68 (complex m, 2H), 
4.40-3.38 (complex m, 2H), 4.21-3.92 (complex m, 3H), 3.95 (app s, 0.3H), 3.78 (m, 
0.3H), 3.72-.3.68 (m, 3 H), 3.61-3.57 (complex m, 3H), 3.50 (s, 1.5H), 4.45 (dd, J = 8.2 
Hz, 1H), 3.42-3.38 (complex m, 4 H), 3.28-3.27 (complex m, 1.5H), 2.94 (m, 0.5 H), 
2.80-2.79 (m, 1.5 H), 2.70 (m, 0.5 H), 2.40-1.54 (complex m, 6H), 1.42-1.42 (m, 1H), 
1.12-0.98 (complex m, 6 H); 13C NMR (125 MHz, CD2Cl2) δ (ppm): 173.3, 159.2, 
140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 72.6, 70.0, 66.3, 55.4, 
37.7, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]+ calcd for 














































































































































































































































































































   
   
   
   
   
   
   
   
   

























































   
   
   
   
   
   
   
   






































































































   
   
   
   
   
   
   
   
   























































   
   
   
   
   
   
   
   


































































































   
   
   
   
   
   
   
   
   
























































   
   
   
   
   
   
   
   




































































































   
   
   
   
   
   
   
   
   























































   
   
   
   
   
   
   
   


































































































   
   
   
   
   
   
   
   
   

























































   
   
   
   
   
   
   
   






































































































   
   
   
   
   
   
   
   
   

























































   
   
   
   
   
   
   
   






































































































   
   
   
   
   
   
   
   
   

























































   
   
   
   
   
   
   
   






































































































   
   
   
   
   
   
   
   
   
























































   
   
   
   
   
   
   
   




































































































   
   
   
   
   
   
   
   
   
























































   
   
   
   
   
   
   
   




































































































   
   
   
   
   
   
   
   
   


























































   
   
   
   
   
   
   
   








































































































   
   
   
   
   
   
   
   
   
























































   
   
   
   
   
   
   
   




































































































   
   
   
   
   
   
   
   
   























































   
   
   
   
   
   
   
   


































































































   
   
   
   
   
   
   
   
   























































   
   
   
   
   
   
   
   


































































































   
   
   
   
   
   
   
   
   






















   9.5034
   9.4897
   7.2600
   6.5340
   5.3624
   5.3430
   3.5943
   3.5839
   3.5484
   2.6701
   2.6506
   2.6403
   2.2933
   2.2738
   2.0895
   1.9967
   1.9223
   1.9085
   1.5764
   1.5707
   1.0737
   1.0611
   1.0416
   0.8985
   0.0877


















































   
   
   
   
   
   
   
   
























































































































   
   
   
   
   
   
   
   


















































































































   
   
   
   
   
   
   
   
   






















   8.5838
   7.2600
   4.3421
   4.3237
   4.1520
   3.3480
   3.3412
   3.2003
   3.1934
   2.5945
   2.5567
   2.3426
   2.3391
   2.3357
   2.3002
   1.6177
   1.6154
   1.3932
   1.2523
   1.1310
   1.1172
   0.8847
   0.8790
   0.8733
   0.0671
   0.0625

















































   
   
   
   
   
   
   
   
   






















   7.6986
   7.6654
   7.2921
   7.2749
   7.2600
   6.8935
   6.8890
   6.8764
   6.1102
   6.0805
   6.0782
   4.4623
   4.4394
   4.2275
   4.1462
   4.1336
   3.8370
   3.8050
   3.7718
   3.3457
   3.2095
   3.2026
   2.5888
   2.5819
   2.5521
   2.2074
   2.1960
   2.1891
   1.6383
   1.6131
   1.5696
   1.3039
   1.2913
   1.1229
   0.8790
   0.8676
   0.8618
   0.0568
   0.0510

























































   
   
   
   
   
   
   
   
























































































   
   
   
   
   
   
   
   
   






















   7.6929
   7.6608
   7.4661
   7.3310
   7.2600
   7.0481
   6.8935
   6.8764
   6.0919
   6.0896
   6.0587
   5.0063
   4.8311
   4.8230
   4.6100
   4.4589
   4.4257
   4.1222
   3.9962
   3.8038
   3.7706
   3.6584
   3.2759
   3.1717
   3.1660
   2.6781
   2.6392
   2.4995
   2.2143
   2.1960
   1.5684
   1.5615
   1.2764
   1.2558
   1.1115
   0.9752
   0.9534
   0.8824
   0.8676
   0.0682
   0.0625
   0.0545





























































   
   
   
   
   
   
   
   




































































































































   
   
   
   
   
   
   
   
   






















   7.3001
   7.2909
   7.2829
   6.9153
   6.8981
   6.7699
   6.7378
   5.8033
   5.7907
   5.7713
   4.9879
   4.9502
   4.9341
   4.7864
   4.5825
   4.4612
   4.4589
   4.2333
   4.0810
   4.0695
   3.8359
   3.8256
   3.7786
   2.9358
   2.8018
   2.2303
   1.9795
   1.9704
   1.9589
   1.9498
   1.7528
   1.5959
   1.2123
   1.1985
   1.0359
   1.0210
   0.9340
   0.1312
   0.1129





























































   
   
   
   
   
   
   
   






















































































































   
   
   
   
   
   
   
   
   






















   7.3482
   7.3390
   7.2600
   7.2508
   6.8832
   6.8661
   6.6863
   6.6553
   5.8182
   5.8056
   5.7873
   5.0601
   5.0372
   4.8242
   4.6558
   4.6410
   4.6226
   4.5929
   4.4371
   4.0523
   4.0397
   3.8027
   3.7970
   3.6183
   3.5175
   3.3961
   3.3847
   3.3721
   2.5017
   2.3678
   1.8833
   1.7436
   1.5570
   1.1642
   1.0107
   0.9981
   0.8687
   0.8355
   0.0682
   0.0384
































































   
   
   
   
   
   
   
   































































































































   
   
   
   
   
   
   
   
   






















   7.3379
   7.2715
   7.2600
   7.2543
   6.8890
   6.8706
   6.6794
   6.6473
   5.8090
   5.7964
   5.7781
   4.9731
   4.9467
   4.6971
   4.6833
   4.4405
   4.4073
   4.0558
   4.0443
   3.8061
   3.7958
   3.7924
   3.5290
   3.4900
   3.4660
   3.3515
   2.7892
   2.3792
   2.1719
   1.9166
   1.9051
   1.7368
   1.7104
   1.5810
   1.1802
   1.1516
   1.0290


























































   
   
   
   
   
   
   
   






































































































































   
   
   
   
   
   
   
   
   






















   9.6214
   9.6053
   7.6379
   7.6070
   7.3722
   7.3631
   7.3081
   7.2600
   6.1732
   6.1572
   6.1263
   5.1391
   5.1128
   4.9124
   4.8998
   4.7280
   4.7142
   4.4486
   4.1268
   4.1130
   3.8771
   3.6859
   3.6103
   3.5164
   3.5084
   3.4752
   3.3686
   2.9575
   2.8224
   2.2063
   1.9589
   1.9486
   1.9383
   1.9280
   1.7551
   1.7276
   1.5799
   1.4298
   1.1928
   1.0554
   1.0405


























































   
   
   
   
   
   
   
   









































































































































   
   
   
   
   
   
   
   
   




















   7.3470
   7.3378
   7.3321
   6.6244
   6.6015
   5.9361
   5.9132
   5.8067
   5.7838
   5.3223
   5.3200
   5.3177
   4.7989
   4.7795
   4.6054
   4.6008
   4.4817
   4.3340
   4.3065
   3.8003
   3.7912
   3.5243
   3.5140
   3.3274
   3.3136
   3.3113
   2.6609
   2.6391
   2.6345
   2.2475
   2.2440
   2.0493
   1.8020
   1.7779
   1.5294
   1.4825
   1.1527
   1.0622
   1.0484





























































   
   
   
   
   
   
   
   







































































































































   
   
   
   
   
   
   
   
   






















   9.5183
   9.4794
   9.4633
   7.3596
   7.3447
   7.3379
   7.2600
   6.8145
   6.7951
   6.7836
   6.0541
   6.0381
   6.0232
   6.0072
   4.8185
   4.7509
   4.6398
   4.6364
   4.4646
   4.4428
   3.6756
   3.6538
   3.5713
   3.5565
   3.3881
   3.3858
   3.0102
   2.9770
   2.8625
   2.8453
   2.2635
   2.2406
   2.1708
   2.0872
   2.0631
   1.7745
   1.7459
   1.5844
   1.1962
   1.1836
   1.1768
   1.0313































































   
   
   
   
   
   
   
   







































































































































   
   
   
   
   
   
   
   
   






















   9.5011
   9.4782
   9.4622
   7.3447
   7.3402
   7.3367
   7.2600
   6.8145
   6.7951
   6.7836
   6.2362
   6.2213
   6.0381
   5.9385
   4.8173
   4.7910
   4.7772
   4.6398
   4.6352
   4.5768
   4.2115
   4.1245
   3.6744
   3.6527
   3.5725
   3.5565
   3.4843
   3.3870
   3.2438
   2.8499
   2.8453
   2.8361
   2.2452
   2.2418
   2.2395
   2.2361
   1.7688
   1.6623
   1.6337
   1.2489
   1.1825
   1.1779
   1.1756
   1.0313
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